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ABSTRACT 



PROBLEM TO BE SOLVED: To provide a semiconductor device, using a highly 
reliable TFT structure. 

SOLUTION: A CMOS circuit formed on a substrate 101 is provided with a sub-gate 
wiring (first wiring) 102a and a main gate wiring (second gate wiring) 107a on an 
N-channel TFT. An LDD region 113 overlaps on the first wiring 102a and does not 
overlap on the second wiring 107a. When a gate voltage is applied to the first wiring, 
a GOLD structure is obtained and turns into LDD structure, if voltage is not applied. 
GOLD structure and LDD structure can separately be used according to circuit 
specifications. 
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Abstract (Basic): JP 2000183356 A 

NOVELTY - The CMOS circuit formed on N channel type thin film transistor 
substrate (101) has low concentration impurity area (113) in the activated layer which 
overlaps with subgate wiring (102a) and does not overlap with main gate wiring (107a). 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included 
for semiconductor device formation procedure. 

USE - In liquid crystal display panel. 

ADVANTAGE - It provides GOLD structure, gate voltage impressed to 
subgate wiring and LDD structure, if the voltage is not impressed on the same substrate 
which can be utilized depending on specifications of a circuit, hence number of 
complicated process is avoided. 

DESCRIPTION OF DRAWING(S) - The figure shows the structure of 
CMOS circuit. 
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l»mB10 7bK ^2#mB 1 0 7b2^«SLT;3:5 
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4dI^T. 1 0 7a7^mTFT(^ffi14® 1 0 4<i:03SII 
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l/^o *fc, TatcSjtt^*mP^t^3»«® 1 0 7 d3i: 
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[0 0 4 2] &i±(D^o{z. :^mmmm<^ c MO sm^ 
<D^ntvxmjLTcD~-^^i±,^f'hn^o 

1. NTFT<7?^icmigesi (th^y-hisii) 
^ti, ^ iEsitcm2EjBi yy-hmm) 
mEE^wmr^tK m^<7)mj£'^muT^ctxNTF 

2. m2mmo^'f''hmm§^^mmmtmm^^m<L 
xmmmitL. mmms^mtm 1 Rzj^m 2 mmmxis:& 

[0 0 4 3] [mmmm2] ^m^ma^^mo^mmiz-D 

T.m^^mizt'Dxm.m'r^o rs:^. z(Dmm^h^)^ 
T^mB^t^^mmmmi] xmrnLfzcuosmmtisi-- 
<Dmw.±^zmmzmfS.^n^rzib. m-^w<^mm\zm 
'r^mm\t ^^mmmn (^^m^^^izm^t^i^^ 
[0 0 4 4] mmmmm2 (a) \z^l. ±m 
m\m2 (B) iz^To ^fz. m2 (a) . cb) 
-(D^n^m^^xmn-t^o ^fz. m2 (b) <da- 
A' . B-B' x^^rzm(Dmmm^tm2 (a) iz^^^ 
XA-A' . B-B' x^Lfz^mmmizMm-r^o 

[0 0 4 5] ^-f. m2 (A) II^I^T, 2 0 UiS 
2 0 2a, 2 0 2b. 2 0 2 c^^^ 1 gglg, 2 0 3 
miff&mm. 2 0 4tM^TFT (NT FT) 
1. 2 0 5t^S2*e^)iT^^o fJi^. H^TFT^^^^ 

Ttj^l^^L. HO^±(;DTFT^it^fJtCj5ML7^cV;i.^ 

[0 0 4 6] ^2i&mm2 0 3C0ii(CtilB L#m^2 0 
6aK ^2iS«)12 0 6a2T^3®m®2 0 6 a3^i*/u 
rzmm'f}^'^ySi^m2Sim2 O 6 a, ^l#mJl2 O 6 b 
U m2»«)12 0 6b2=£«HUT75:^m2 6S)BI2 0 6 

b, ^i»^g2 0 6 cu m2mmm2 0 6c2^mmL 

T;^'5m2ge*S2 0 6 c, ^l*«S2 0 7a, IB 2 

S2 0 7 h^mmLxr3:^^ms.m2 o 7€rW-r^o 
[0 0 4 7] z(Dm. ^mmm 2 o 7 i *6ii:ii 2 0 

S^mmi^tLX. f£ttB2 0 4 (:i:^*:MfCt^ Ku-r > 

m^^^b55ffiT^^«) to:)m\z^m^m^MfS.r^. 
c<7)^.. m 1 *e^^ 2 0 5 ^mit^mm(D±\zmimm 
m^iSL^fTzmmmmtLx^t. ^m^mtu^3^<D 
mimmm^msimzm^Lrzmxm 2 mm^mfsrn 
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[0 0 4 8] ^rz. 2 0 8 fiig 1 mmn&mm. 209. 
2 1 o«S3E)»T^o, 2 0 9A^v-xmm (y-x 
n.m^^ts) , 2 1 o*tKu-f >EiSs (ku-t 

^O) T*^. ^«±{c«^2BraiisfeiSiB2 1 

1 . y^y^-TT^i^ 2 12. m3mmii&mm2 13. m 

mnmz 1 4;5ii9:ttbn^, 
[0 0 4 9] S/t. miE«gfi02 (B) lc^-rj:^ic 

^^•c:i:{C2 0 2a. 2 0 2b, 2 0 2 ctCKgiJUfe. 
-etS«lE«S2 0 2atty-h«a<i:UTH«iL;aViE 
2 0 2b. 2 0 2c«SttM2 0 4 t<7)32IISRT* 

[0 0 5 0] ;5:t3. :ic:{c5^L)5:migE«ati rnjgjggi 

[0 0 5 1] C©B$. ^lEiSl2 0 2b. 2 0 2cttiii^ 
[0 0 5 2] :iOi^olZ^^^)l'mfiimm.2 1 5. 2 1 

6<sit?^fijffli«miseiK2 0 6btmimm2 o ect-e 

[0 0 5 3] z<D^oiz^mmmmiz^Lfcmm-7hv 
©ifjfitt ^immmii xmm\>itcuosM^0:>NT 

FTil^-«ifiT*-5, L75^L.?a:**e). CMOSIUgS-e 
m 1 Eif* (cm ^«JE $B]JtaUT-y-yy-hEiSg<i:bT 
ffll.^-5:itTGOLDfl!ig*lS^U;fcfflfC*fL. 
h 'J i7X[5i^T«^ 1 EilS*H3£m(v5:*;'i«7 n-x-c 
>i'«&(C UTL D Dfiliti LTfflVi-5,'#i(cav^75t* 
^, 

[0 0 5 4] gp^, *Si5gigt^S;*:ro4$»i. I^-Sfi 

±{Cl^-«jfiC0NTFT^mL.T*3€f. ^ 1 Ei» (1^- 

[0 0 5 5] S2Eifg2 0 6a. 2 0 6b. 206 

c(S.. 2 0 6b. 2 0 6c*ty- l-mffia5T*0. 2 0 6a 



iiffl < -r -5 cfc 5 >i ^ H- i L T t ^ -5 , 
[0 0 5 6] ^*3. Hfliig(7)|^^^>fJ|^[c-31,^T 

\t ^mmmmi} xwzm.mLrz<7)X'zzx<Dm.m\t^^ 

^4-f >5^tiTC0AM-LCD(C«!tJ-rLfci7^-y Kfll 

itt-r^'Z-w^^ys.^^ :Lntnot.xhfj.^K 
[0 0 5 7] ^j.±iZ7ikLrz:^m^m<DmfS.iz-Di.^x, 
Tiz^t^mmx^ e izmm^zmm-r^. 

[0 0 5 8] 

xmrnL^cuo s \3\^<Di^myjm\z-o^^xm.mr^, 
m.m\zitm3^m^^, 

[0 0 5 9] ^r. SS3 0 I tLx:fJ5'y^mm^mjS: 

b. -S-0±lC^ lEiS3 0 2 a. 3 0 2b. 3 0 2ci£-Jg 
SUbfzo ^lSd.m<n^mtLXit, X /I i£(c=fcOr5' 
>^/X7^>->U-9-r h* (WS i x) ^"Jn^M^r)® 

^^^BbfcMJiM^ffiiife, mmmifAmx$>-D 

m'f)m^^nx^^^iimm^mt^^^^'^x-^^x$>r3 
ft. 

[0 0 6 0] ^m. % 1 EilS 302a. 302b, 302 
[0 0 6 1] 'Jk\Z. (->U3» ^^tJi^ijiMT;/^: 

-5^ 1 3 0 3 ^mL/i„ ^ 1 <^mm 3 o 3 as 

ttH S:ffiS|-r ^ Tife^ t L T OTftfiJ $-mrc-r <»: lust (C. 
^lEi683 0 2a$r-9-y':r- f^EiSSiLT^Vi^^oy 

[0 0 6 2] ^IISg^JTttS-rs OnmroS^ta^M^fiX 
ML. ^C0±(C8 OnnicDK{k^^M<&«ML.fc:Wit€rM 
fflUyt. ffetCfeS i OxNy (x/'y = 0. 01~10 
0) T^^n-SKftgftS^M (^ftSEft^^Mifc^^ 

[0 0 6 3] •^\Z. 5 OninfP(7)PSMa^M daS^* 
^-->i^LTett^3 0 4, 3 0 5 *ll 

•7 u-^-^^mvi. \zm^ L x^^n^mmizmm-r^ 
:itizjz':>xn^rz, 

[0 0 6 4] f^. :$^^mmxl,tm^m^zm^^^^^mi^m 
i^L. m.Wti^^K^mm^is.mLx^^^K ^tz. 
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[0 0 6 5] iJctC. Stt«3 0 4. 3 0 55«oT> 

[0 0 6 6] :^tc, mimm.mizLX2 Qmm<Di5'y-s^ 
Jims 0 7 ^msSi.v. 't(^±izxti>i?<^A^mmLrz 

^.(C. 2 0 Onia®cD^'>5'jl.MT)^'2>^2#«® 3 0 9 

[0 0 6 7] Cz>hX^3 (A) O«SI:0^^en/i?., 
UvXhVX^3 10. 3 1 1 ^rjesKU. mi««S3 
0 7 i:S2»«S3 0 9i:SX-:;f^>5/bfc. C^L-T 
iJ'>^;W^(^ISg«jt-e;&S^2ffii683 1 2di}g^$tl 
Ac= ;ii;3lB2iS«S3 1 2«^1 (A) C0IK2EIS (^^-f 
>y*- hSHIS) 1 0 7 alcffl^-rs. 

[0 0 6 8] mz. 1 5;g6(CiS-r-57C^ (f^aWJrtS'j 

*SL.^. ^rz. C<Dt^^miZt^TFT<D'^^^)m0S(. 
mi^3 1 4;5iS^Lfc. *IIJg«311?« 1 SSetS-r-STC 

>i?'ffi^ffiV>T^i!)nLfc. (03 (B) ) 
[0 0 6 9] mUB^t^tbTii. *jS«JE€:9 0 k e V 
tb. 1X10 16~ 1X10 19atoins/ciD3 (Jif SU<fS 
5X10' 7~ 5X10 ISatoms/cmS) OTS^T'J >*i^ 

D D w$Lo^m.wM& \zfs.^<D (c mmt s ifj 

[0 0 7 0] ^{C, l^i^X hVX^ 3 1 0, 3 11^1^ 
iL. gffctCUvX h'v'X^^S 1 5-3 1 S^miSLL 
tzo ^LTmi»«S3 0 7<hS2»«S3 0 9^X^> 

^>^Lxm2Sim3 1 9-3 2 1 ^mfS.Lfzo c<7)m 

2E«I319, 320, 321 ^fttl^tim^zm 1 
(A) C0^2gEiiai 0 7b, 10 7c. 10 7dlCl=a^r 

[0 0 7 1] 1 3m\zmt^7im (ftawtc^i* 

m^3 2 3;^^ili^U;^Co *^55E^JTm sm^zmt^Tt 

tf>^ffi^fflV^T^SnL?to (03 (C) ) 
[0 0 7 2] ^JjD^ft^^LTti, mmmB^l SkeV 
iL. 1 X 1 0 19-5 X 1 o21atoms/ciD3 (if ^L<ti 
1X1 O20-^ I X 1 o2latoiDs/ciQ3) OfflST*n>7:i^ 

[0 0 7 3] '^{Z. - Ui>'X hVX^ 3 1 5-3 1 8 ^1^ 



£L7t^. mUUi^^T. hVX^ 3 2 4-3 2 7 ^mf^L 

fzo ^nmmx^^t. dn^couv^xhvx^^i^ffis^t 

^^^l^iTJ^^L;^. IP"^. Ui/X h-7X^ 3 2 4. 3 
2 6. 3 2 7(i^lE«l^^-TX^i:7iO. UvX h^TX 
^ 3 2 5^im2E«l75tvXi7i;^j:oTl^'So ^lEiSS^ 

[0 0 7 4] ^m. Ctlb^OUvX hVX^^, 

[0 0 7 5] LTUvX hVX^ 3 2 4-3 2 7:6^ 

m^^tifz^. 1 smizmr^Ttm (:$^mmmx\t^j 
» (Dmnuxm^n-Drz. zzxmmn&'t 9 o k e 

VtL. IX 1 019-5X 1 o2latoffls/cin3 ($f^b< 
1 X 1 0 20^ 1X10 21atoins/ciD3) (DM^'C^J 

mm^n^^o\z\^-xm^mmLrzo 

[0 0 7 6] Cc7)XStC^f9NTFTCDy-X«^3 2 
8. HUO-^^S 2 94oJ:tfLDDMiS3 3 0;^^®^ 

Ltz. ^fz. PTFToy-x^J^s 3 1. \^u-r>m 

3 2 7f}mML fz. CCOXSTtiPTFT(;)y-X^ 

^^zM^-^mmo^^fsay^mm-^nx^^ti^t. NSfcse 

L ;^ I ^ Ac 56 P ^ ^ i$ L ?t ^ ^ ^ . 
[0 0 7 7] ce>L.TNTFT4octa^'PTFTt'-»« 

ii^n-^r^i^mmTtm^miiuLfz^. ^z-^xr- 

[0 0 7 8] C3LT^3 (D) (Di^M^^m ^ tlfz ^ . 

{t'tti^ommmxy3:^mimmmmm3 3 s^mf^L 

fz. ^LTn>^^^ h4^-j!/^gittTV-XEai3 3 
4. 3 3 5, Fl/-f >gE«l3 3 6 ^?^^b/Zo (S3 
(E) ) 

[0 0 7 9] :^mmmx\tm 1 srsiiffij^ii 3 3 3 ^ l 
T. mmzmitmrnm^s 0 nmBf^L. ^^^zmit^ 
mm^9 5 0 nmmf&Lrz2mmmiiLrz. ^tz. 

OOnm, ^^>^^ti'7;i/^-'j7A;K3 0 0 nm, ^ 

^>JKl 5 0 nm^7./ty^mxm^Lxm^Lrz3m 
mmommm^/^^-=:> ^ l xmm l rzo 

[0 0 8 0] :ivLXm3 (E) {Z^rJ:vf3imit(7)C 

uos®mf)^^fS.Lrzo ^mmm<Dcuos\B\&t^tmi 
(A) \z?jkLrzmmx$>o. ^tiiz-Di.^xo^mmt rn 
mmmi] xmm\zmmLfz(Dxccx(Dmm^t^mr 
^fz. mi (A) (r)mm.^n^\z^tz-:^x. ^nm 
mowmiLm\zm'^-^n^€^mtu^^. ^j^t^, ntf 
T^yy;uy- h^iiiiu, PTFT^v>^juy- h 

[0 0 8 1] 75:^3, if'm&mxmmLtzcuos^m\t 
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[0 0 8 2] ^mmmr^tNTFTomi^m^^ry 

[0 0 8 3] ^fz. Mmm<DM^^mmx^tmm<Dmifi^ 

\tc^yymmtr^ztx^m&tn^^iL. mmm. 
mz^^mmmm^®.nr^mmtfs.->x^^^. 
[0 0 8 4] mmm 2 3 :^nmmx\t mmmm 2 j 
xm.mbrcmm'rb^)^7.^^<7:ii^myjm^z':)^^xm.m 

^7.^m^tm-mm.±\z^^^x. ^mmi^z^Lfzcu 
osm^ tmm^zmf&^n^fzib. mmmi<Di^mxm 
\zm^^^xmmr^. tst^x. i$!>m\zjt^cxm3tm 
cm^^m'::>xm.mr^zttr^o 

[0 0 8 5] ^T> :^^XS«3 0 1 Jilcm2geiiSg4 0 

la. 4 0 1b. 40 ic^m^Lfzo cn^m2mm<D 
umimmm ixnmLfzMDx^^. '^i,z. mmmi 
^^n\zLxmimmm3 0 3. mmrFT^m^m^ 
02. ^2mmm3 0 6. mimmmsoi. ms^m 
14 0 3. m2mnm3 0 d^m^Lfz. zoLxm4 
(A) <Dikmi)m^rirz. zom. m^mf^^nx^^^ 

CMOS(HlSti03 (A) <D^m\z^^o 
[0 0 8 6] ;^tl, l^z^Xh-^X^ AO A--A0 1^m 
ISL. ^1«€®3 0 7ci:m2#€13 0 9<DX'v5^> 
"f^rx-Dtz. ZoLXm2mMA03. 4 0 94oJ:^^ 

mm^Aiotm^-^ntz. u^. m2SimAos\m 
2 (A) <Dm2mm2 0 6h\z. m2^s,mAQ9\m2 
(A) (Dm2mm2 0 6c\zn^'r^. ^rz. ^mmm 

4 10^^2 (A) (75§SgejK2 0 TtCffl^-r^o 
[0 0 8 7] ^ICLDDm«^?^^T^/::a?)OU 

>cD«^inxg^ffi/K &mm^mmmi$.A 11-413 
^m^vrz. ^fz. z(Dm. ^^^)mf&mmAi4. 
Aibfim^btz. zo)xm\m3 (b) (^xgtc^is 

T^o tSoT. 04 (B) <73XgtC:fel^T. S2E«lcO 

[0 0 8 8] mz. 0 3 (C) iCffi^^T^XS^^fro 
;"Co . UvX hTX^ 4 16. 417 ^BfAb. ^ 
l#Sli3 0 7 ^^2#€13 0 9(7)X'y^>^^fT^ 

zt\zj:^m2mm4 I s^mj&Lfz. z(om2MmA 

18«^2 (A) <7)^2SSjS2 0 6 a(C48^T^o 
[0 0 8 9]:;^}r. CMOSlHlg&OPTFT^f^SSr^ 



jsim\tui>xh'7x^4 1 7 x±mmizmz>rz^mtL 
fzo m4 (c) ) 

[0 0 9 0] UvX H-TX^4 1 6, 4 17^^ 

SL;tft. g®®3tffifCcfcOUvXh'7X^4 1 9-4 

2 2^f^^L;to ^Lx. 'j><Dmmxm^n^\ y- 

ZM^4 2 3. Hl^'f>ffi^4 2 4. LDDmit4 2 5 
tiH^^JicoSS (D) coxgic^SAtfat^n 

[0 0 9 1] ;^cC^5. 04 (D) x[tmm<Dm'K±. v- 
\tmm^<D^mmtiSimmtxv-'xmi^t m i^^ >m 

[0 0 9 2] ZobX^J >^^ZS7f.a>CDmwxm7^^^ 

jbfz^. nmmi tmm\z^m^7im(7)f^mtxm^ 

ff-Dfto ^bX. ^1^^1*6^13 3 3^^^^L. 3> 
^^hn^-JV^mj&bX'J -7.^^4 2 6. HU"f>E 

m4 2 7 ^mmLrza zobxm4 (e) coi^si^# 
z(Dm. cuosmm\m3 (e) <7)«^<i:;^oT 

[0 0 9 3] 'A\Z. y"XffiiS4 2 6^5.i:^FU-r >S2 
iSl4 2 7^a-:?T^2liK*e^)i4 2 8 ^^^^L;"Co * 
mmmx^tny i^^^-i^ B >mtLX 3 OnniifO^ft^ 
^M^^^iSL. ^(7)±(C7 0 On[s/lODr^^U;^M^f^^ 

^m^^xh^^^b. i&o^mmm^F^^^xh^i^\ i&(nm 

imtLX\t. ^^U-f^Klg. 4^Ur5h'M. BCB 

[0 0 9 4];*;:tc. i o 0niajP(;)5^^>M'e:^^:/^^v 

^-rX^ 4 2 9^mf$.LrZo y^'y^TX^4 2 7t^ig 
tCti^OAM. TJU^X-^AM. :^>^JHi. ^>^X 

r>^, ^'jyx>M. ^^>m^rz\t^ti^(Dmmm 

[0 0 9 5] '•k\zm3mrmmm4 3o^mf&brz. * 
nmmx\ti umm(D7^^))mtLrz^^. m2mrB^m 
mmtmm<^m^^m^^^zt^^xt^o 

[0 0 9 6] 'A\z. m3mmmmm4 3 o\zz}>^ h 
it^-)i^mfS.b. mm^mm iRmmz\tiTom) x 
ti^mmm^4 3 i^mf&Lrz. z<Dm. mmmm4 3 

K U-r >gEIS4 2 7 i«SMtc^g!^n^o fi£o 
T. n>^^ hrt^-Mt4^'M{zm^^h<Dttl^<DX\ {H 

mmmt^i'-^^-m^^rzimm^^'r^^kv \zm^ 
tmmmmf)mm'r^r3,d(D:^^^m<o\zmjix 
^^rz. 

[0 0 9 7] zoLxms (A) \z7Rrj:of^mi&<7^m 
m^h^j^xmrnfj^^f^Lfz. :^nmMx\mm 
nmtbxmmmmm^m^xm^AU'L co^^ 
mr^m^7Rbrzf3^. mmnmtbxjx^m(Dm^^^m 
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c tx^mWi tcsit^ AM - LCD ^i^mr^ z tfj^-pim 

[0 0 9 8] ^rz. ms (A) o^vtmtfZ'Drzmw.^r 

AM- L c D ^i^mLrzm^<Dmmhm'itxmmr^o 
[0 0 9 9] ^5 (A) 0Vtm^m^nrz^. Ef^^4 

3 2^SQm<Dm'^\zm^&Lrz. :k\Z. M\^mwi^i^m 

4 3 4. mmmm mi^mw 435. Md\^m4 3 e ^ 
mfS.Lrzh<D^mmLrzo ^lt, ^n^en^mi^^^ 

3 2. 4 3 5{C*fLT^h:>y2!ia^fTl^\ 
mt^^Kf'^i:>^rz. ^LT. ^(;)P^tc^Ka4 3 6 ^« 

[0 10 0] ZoLxmS (B) tr^T«igc^AM-L 
CD (H^-7h'J^7;iHIK<75gR5i^) f}^%f$.brz. **3Sg 

t 2 gpaijest^ 4 2 8 3 mmmmm 4 3 
ot^^fSizt^^sgw 1 \z^LrzcuosiB\^±\zhmfS, 

-^tl^Zt^zU^o ^fz. yyy^-^x^ 4 2 d'pmm 

mm4 3 i^m^r^tmmiz. "tn^^mf^r^^m 

XS.m^mfS.L. ^<7)gE«S^AM-LCD<75H5<A- 

[0 10 1] *^sgwc^«^. mmTFT^zm^f^tifz 

^ 1 SEJS4 0 1 b. 4 0 1 ctiS^mi^ (^fife^fiSfctl 

=^A'UTffiAtCJ;oTKU-t'>5SgBtc*i;fc^-;l (IE 

f^±fCiiLAc«ig(i:7^^o i^Wss miE«84 0 1b. 4 
0 ic^ya-7^^ >^iKm^zLX^< zt^r^^ 

^0m^\z\t:t--)\^cDm€tk^m^^m'^x^fs, 

[0 10 2] ^Tz. m2 (B) O±S0lCfe^bfcJ:^ 

\z. Simm\z&sr^m2mm4 i sit^^ymm^ 
[0103] immm s ] ^^iK^si'Trti^s^wt^ii^ 

^hUi^XlHl^-^CMOSlelK (:^fl^M{Ct^CMOS[Hl 
Ufc AM - LCD COnS^a 6 ICtkTo 

[0 10 4] T^T-^r-^h^j^T.^Wieo iiz\tmm 
-7hv^xm^6 0 2. m^mmm\B\^ (y-xK^-r 

6 0 3. 

[nig&) 6 0 4. m^^m^^ im^6^mm^. d/ah 

C (yU^->:/;ur'J>h-tf-^^y h) 6 0 6;i?^5tD# 

[0105] ccTr^x><r-rh'j^;^S«6 0 i± 
{zmfS.'^tifz^m\Bi^^^ib\zmi^<m^Lrzfay^ 



m^miiz^ro 

[0 1 0 6] a7{c4ol/^T. 7 0 UiiSigV h U 
^T^O. H^X^gBiUTfiS^T^o ^fe. 7 0 2 a 
frlx7 hUi^X^lHlS^, 7 0 2b^iU^;i/v:7^[nlS. 

[0 10 7] r^^D. gl7fl^LXtAM-LCDcoyn>y 

^ LT fcy- h sEm\zmj±^mu-r^ z t^^x^^t i.^ 

[0 10 8] ^fz. 7 0 3ativ'7 h 7 
0 3bttU^;^>'7^Ii]S^> 7 0 3ctlA'-y7r[El£&. 7 
0 3dfS-it>y^U >5^lE]]^T^0. cne-TT^C -5 1J8S;0^ 

[0 10 9] :$imn^^m^^^ztxm6\z^Lrz.^o 

;^[olK ^ ^ A M - L C D (T^ftSft ^ tC F^± $ -ti- 

&^mfS.r^cMos\Bi^\tmmmiizm^{^<k<. m 
[0 110] [^]5g^j4] (mmmm 

Ij t3^LfcCMOS[HlS&'^ r||Jgj^^2j tc^bfcli 
[0 111] CMOS[HIg§C0S*<gigtiS 1 

(A) \z7ikLrzmm. s^Thu^xiHisscos^igigfi 
0 2 (A) \z^Lrzmmx$>^rz^. ^mmmxwz^m 
mm(D^\z^^ ^i^Lxmmr^ c ttr^o 

[0 112] g|8 (A) tC.i^Lfc^iitiNTFT 

DDm^so I ^m-ftzmmx^^o f^-ta'-sk-^ 
m^9&mm^ izm^^^ti^cuosmmtis ^mvf ^ m 

[0 113] ^m^mcDcuos\Bi^(Dm'^. i^yy- 

u r a A;o^* c -5 <o ^ ^)mmMm(D F u 

rb;^ (a?^-:3 7t) LDDfsi^Ti^^^ffi-rntisi^o 
[0 114] ti£oT, i;^-rL^5^^:^;^mlI^<^y- 

X^lSffliJCD)ag5lCtiLDDmi^^I3:lj-T^<£^^t^;^ 

<. a-oxy-xmrnmizmfi^nrzLDommmm 

f&jftLXmi^^XL^O^Mf}^^^o ^(Dtz^. 08 



(M) 



#5l¥l2-183356 



(A) CDct^7^«ii^^^T^C<h7^^T*^o 

[0 116] 'A\Z. mS (B) tiS^MtCtiaS (A) 
tmrnX'^^f}^. LDD^«8 0 2c;)«IS;^5^^8 (A) J: 
0 t)»^< J^JsS^nxv^^o MffWtCtaO. 05-0. 5 
MtQ («fSl^<t^O, I'-O, 3u^) tT^omS 

(B) 0«igfr5V-X^^ffiiJc;DfiirL^^J^>^r:^<Tf£t-t"e 

[0 1 1 7] c<^J:^;5:«ittSII?Stcttv7 hUvX^ 

[0 118] ^m. ^'S'tCcfcoTf^i^^ hUvX^lHlK 
<D^N T F T c7) L D D^«^^:^ (CT^C < "T cfc ^ C i ^) 

{gtc^iai (A) (B) \z^L rzmi&^mm't^ 

[0 119] as (C) [tNTFT^^y)lf- 

so 4<D\^U'i >mmz)B:^^m<D^(D^mz l d om^ 
8 0 5. 8 0 e^ia^t^o 

[0 12 0] ms (D) fc^LfcJ:^t3LDD^iSc0ti 
tc-TX^ait^ff ^vli:^fr€^o 08 (C) 

liiSfc^oi^T =b^x ^ffl vin^ifrffliio^tc L D om^ 
[0 12 1] Lfj^L. y^mmm<Dj:o\zY-hSim im 

2mm) 8 0 7a. 8 0 7b^lBlEj688 0 8, 8 0 9 i 

(^^izLDDmm^mfS.r^zt-fj^'^mtfx^. 
[0 12 2] z<DXofimmt-r^z.trv-7.mm.m 
(DLDDmmzj:^^^i$,^^r3:<b. y^ji^f-hm 

[0 12 3] 'A^z. ms (D) (Dmmtmm^ b u ^ :^ 

lHlKc7)-^M?gSiT^^o 0 8 (D) cD^igco^-^. V 

-T.im^fz^t K i/'f ymmzm^^m<D^itz LDum 

1^8 0 9. 8 1 0 ^^^t^o fiP-^, -^(D^^^)Vmj& 
1 l<iz8 1 2<^fB^{rtiLDD^«c^I9:^t75:t<i«ji 



[0 12 4] is^TFT(^«^, ^mttSLm^momr 

nWt>^Zt\Zf3:^. ^i^r^X. 08 CD) c^«ii<i:T^ 
it CO F Ix-f >mm,m\Z L D Dm^^I^tt7"c«gii<i:7^>S>. 

jj^ir. ^^i-^^uf^/s^its 1 i<h8 1 2(Dm<Dmmtn. 
^m^^^u^^cDT^m.inf&^tr^^LDDmm^^< Lrz 
-^^^:t>mm. (TFTt}^:t>^m\z$>^m{zmn^n, 
m) ^±t<r^\z\tm)}X^^. 

[0 12 5] 7^^. 08 (A) - (D) (Dmmz^\^^ 

X. v-xmmm^^^)m^n^<^^mz\tLDD 
m^^Wi^ffsii^^mmtLx^^^^^^. m<^m^h<Dx^n 
^tm^-fihnx\^^xhmt>f^^\ ^<Dj;:of3.mm\t^:^^ 
^t:)i±iz^'Dxu>^7.h'^x^^BfS,LxhS:i^b. m 
iE.mtm2 mm<D&m^mmLrz±xmmmytm^m 
^^xm^LxhS:^^ 

[0 12 6] 3^^. :^'mmm<^mmtmmm i. 2tm 
^'^t:>ith>n^ztitmo^xhr<i.<. mmmsizTKL 

fzAU-LCDlzm^^XhBi^K 

[0127] [mmm s ] ^mmmx\tmmm 2 \z^l 

Lrzm^\z^\^^xmmr^o mmz\tm9^m^^^. ^ 
43. m^mys:mmm2 (a) iz^Lrzh(Dtmcx^ 
^(Dx\ ^mmmx^mmmm(D^\z1^^^^t4Lxmm 
r^zttt^. 

[0 12 8] 0 9 (A) \z^Lrzmm\mmmm 
^misimtm-m\zmf^^nrzmmiim9 0 1. mi 
^mm9 0 2^^zj^m^m (mmz^t\^u-i>mm^^^ 

[0 12 9] z<7^mm<r)m}^jt. m^m^o-^^m^m 
(DnmtLxmmr^^ii^izhmmmizi sm^rziti 
sm\zmr^7tmt)mm-^ti. mnm^^Lx^^^is.x 
$>^. ^m. 1 3;ge^;^ctii 5m\zmT^7tm\tv-:^ 
m^^rz^t K i/< >mm(Dmf&xmtmm\zm}^rn{i 

[0 13 0] ^nmmm2j xmmLfzmmo:)m^. « 
n^monnt Lxmm-t^m^m\tm 2 Ei^^^vxi^ 
tfsi^ fzisbmmm^fi^-r ^ ^m^Ttmy^mm ^ nr. 
mmmm^z'M^zmjE^mmLxm'stm^zKS.mtmj^^ 
tifz^m^m^Lu^m^^^r^^K L^^Lt^^^^. 09 

(A) osiSTti. ^nmm(DmmtLxm^r^m^ 
msM^mn^^^Lxi^^^rzi^. mj£^mur^^z>m 
f)^r3i< . mmn&ti-^^zm^bx^mt&^^rz^i^x$) 

[0 13 1] z<D^vi^z^^f^nj£^mur^€^^^^^ 
m9mf)^m^^<D\z^mtimmxh^ t^^ 

[0 13 2] ^fz. 0 9(8) omm^t. 0 2 (A) 

mLrz^m^m<^mmtm9 (a) iz^Lrz^i^^m(^ 
mi&t^m^-^t^^rzmx^^o ^^mz\t. mimm 



(12) 
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um^m 9 0 6 -cm 1 ^mmm^mfS. l . m&m 9 o 

m^m 9 0 8 2 ui^^m^mf&r^o 
[0 13 3] c<Dmm'^\txm^^u/v^m'^r:itf3: 
<. ^2 (A) ^0 9 (A) iz^i^rz^m^momm<D 
2i§]Si\.^nm^m^'t^ztf}^'^mr$>^. mz. am 

^\zm9 (B) <Dmm^t^^T$>^o 
[0 13 4] :^mmm(Dmm^mmm3\z^Lfz 

AM- L C D tr*f LTffl C .htiWJ^lT^'S, 

[013 5] mmme) :^mmm'v\tmi (a) {z^ 

b/iCMOS[Hl8&^S2 (A) iZ^Ltzmm-^h^Ji^X 

mmz^i^^r. m2mm^m0zr^mimmm^'^mL 
rzm^<Dm^m I o^z^To mio (a) ic^fct.^ 
rmi (A) ^fcti02 (A) Lmcmf$.<DWi^{z\tm 

[0 13 6] mio (A) (T^cMosiu^ts, m2ss.m 

11-1 3;^^^T¥liC0^>3';l'MT^^$nTVi^o 
IP-^. mi (A) co^itiltg^T^chmi^SS^^BB 

m2#me<^^-em2E«l^?^«L7^:«^ch;S:§o 
fS,^. Mi?tt2 0 0-4 0 Onm^rnti^l/io ^Ife, ^ 

t5 >- u n > ^ a^snfeTc^ ^i^^ -r ^ 
[0 13 7] z<D^ofs.mmtLfzm^. S2geifia<^m 

iSe^^SB mi (A) Ti^^^v K«ig<i:?^oTi/^;/^SR 

5)^) 3 mmm 143^^2 #€M 1 4 bT»o 
7imr$>^T)i^:=:^02:.'pm7^<m2ii&Bmi o etptcse 

^^mm\z93±'r^z,t^^'^mx-^^. 
[0 13 8] ^ft. :^mmm<Dmm\mm'rhv^y(.m 
mzMLrhMmr^^o mio (b) (DrnM-^h^j^ 
xm&\ts m2Mm (y-hSE*a) i i i^jzzsm 

^3*m® 1 5a^m2#aSl SbTS^^cSit^ 
[0 13 9] ^ift, S 1 0 (A) . S 1 0 (B) \ZfriL 

[0 14 0] ^fz. i^m&m(Dmm\tMmm\^^xsm: 
m,m2\zmi.ftv^m:i:u\z^^^x. mimm.mo:>miSLJi 
w^'^^-r^o^xnmx^^o %rz. ii^^j3c^am 
-LCD^zmm-r^cthx^^L. mmm 4. sic^ 



[0 14 1] CUSgW/] *^i!S«?iJTtS0 1 (A) \Z7R 
LfcCMOS[Hl^^S2 (A) {I^LTcli^gThU^X 

<i:T^«^i7)^J^S 1 UC^To ;^c£^. ail (A) \Z 

^\^^xmi (A) ^rz\m2 (a) ctf^icis^cogBi^^t' 

[01421011 (A) iC^LfcCMOS(5Ig&Tti, 
NTFTcoy-h«@2 l^^mi#m^2 1 a<hm2» 
€112 lbi:Tm3#«)12 1 c^€l^iA^fc^7 ^ 

mLfx-Dx^^^o ^om. '^^^)vm}$.mM2 2<D^^ 
\tm 3 mmm 2 1 c(7)Siti{c-ifi:f -So 

[0 14 3] ^tz. LDDm,m,2 3\t%nm\Z-'D(D^ 

mzm^i-t^ct-mx^^o ~i5^tm2um<D~^x& 
^f-vnM2 itmn^^x^y). m5\^'f-hws.2 

l tmft'DX\^^t^^\ fiP%. *^5S^jc0^itTti. ^2 

ri»c:c^;:i^T^^« . ^^\zf-hmM\z^-n-^y 

[0 14 4] ^11 (B) (C^Lfcli^Vh'J^XlHlK 

(Dm-^hWimxh^. mmTFT<D^''-hnM2 4. 2 

5tl^^e»=blgl»m®2 4a. 2 5ai:m2#Sl24 

b, 2s\itxmzm-%m2 4t. 2 5c^a^ii^fc^^ 

6, 2 7(7?:l$fi|g3#«g2 4 c, 2 5 cc^«gtitC-S: 
LDDf5JS2 8. 2 9tli:^.^^LDDfI 

j«2 3 t.mm.\z%mn\z-^<DW^\zm^\x^^. 
[0 14 5] mmmmi\ ^ r^]^^^S2j \z^\.rz 

«) \zf-hnB^mnr^ctxGOLDmmtmm, 
^n^i)^. mm'7h'}^7.M^x\^ytynM^T^i^rz 

mzLDDWittU^^O\ZLX^^^. cntiGOLD 

m'&<^x^xh^^ynM(Dmm^mi^^rz^x^n . 

^ 0 2sC) :t >ma! O^'^^l: ^ W*JT ^ ch ^ ^ G O L D Sit 
^ (?:) ^ CO <7)fiJ .-iS n;'ci: V ^ o 

[0 14 6] L;ii^L;^;ii^6. ^%mm(Dmm.x\tmm'^ 

^n^tc^. ^^\zmm'^'^^^^:LLt^xt^. ^ 
m. mmi:¥i:^QOLDmm\zx^^mmt.. y-K 
nM\zir-n-yyy"r^LT^'Dmmo:>^m\z. y-h 

nM\Zir-n- yy^Lf^^^LD D^^^SSttT^CT^^ ^ 

[0 14 7] zcx. :^mmm<^mm,'tnm'^rz^o 

f^SiXStcoi^TSl 2^fflUT!ftej-r^o fztzL. S 
*MtCtl^Sgt?l lTift0^LfcXS(hl5l-T*>^(?5T. £^ 

[0 14 8] ^r, ^Jffi^JlcDX@{ct¥oT^3>SSji 

3 0 8 ^fl^^L;^co *i?5g^jc7)^i-&. msmnm^os 
(Dmfi^t.mmzNT¥i:(7^±.\zhm2mnM3 i^mfSi 



(13) 



rnxm^ff-orzo z.(Dmm^mtmmmi<Dm3 (b) 
m^Lfz. mi 2 (A) ) 

[0 14 9]:*tC, Uz^Xh^:^^ 3 2^^.^Lrcm. 

FTco^-r >y-hE^3 stwj^^nrco mi 2 

(B) ) 

[0 15 0] 'A\Z. l/vX }-^X^j7 3 15-3 18$:?^ 

c^^3 (c) coxs^#%tc-rn«av^o c3LTU> 

4Dj:tX7t^n>£0^iDXS;5^*l7Lrc'b. I^;ffi«l<i:l^« 
a)?g:T^>SPbfc^$E%7E;^cDfi§14{t:^ff^^\ mi 2 

(C) <7)^^Si;^^#6n;^c<. 

[0 15 1] Uvx h-^x^^ 3 1 5-3 1 s^f^. 
^brcrn. mmm^m\z^onv^ui^7.h'^x^ 3 2 4 

-3 2 l^Bf&V. U ><7)^llDXS«:fTofCo ^JH1^# 

t^iiM«ijico0 3 (D) c^xg^##tcrn«^i.io 

[0 15 2] CKDXgtCctO NTFTC7D7-XM«3 

mm 4 iTii^f^^^tifco (0 1 2 (D) ) 

[0 15 3] CO^. LDD^it4Ut, y*-hSS3 
8(h:*--/\*-^^yyLTt.^^gB^j^cOS$;OtO, 1-3, 
5Mm (f^^MUfrtO. 1-0. 5 urn. 1t!-^V<\t 

0. 1-0. 3 Mm) tfx^jzoizL. y-hmm3s 

<h:t~A'-^y-/bTV^;?^V^ffi^cDS$;^i^O. 5-3. 
5 urn (f^SMtctS 1. 5-2. 5 urn) ty3:^J:o\Z 

[0 15 4] ;i(^mt^mm i tmmoxm^mx. m 
immmmmi 0 v-7.^mi 0 9. iio, ku 

-r>SEiiSl 1 l^^^JsEf^CcL-CSl 1 (A) tc^rj: 

o CMOS mm^^iS, u ?to 
CO 1 5 5] :^^mmx\tcuosm&<Difmx 
m^m\ztoxmmLrzf)^s ia^Thu^xuKtc^fet^^ 
r^)t3tsi^^s<7)f^sxgT0i 1 (B) (Dmm^m^n 

[0 15 6] ^ft. i^mmm(Dmm\tMmm3o:>Au- 
LCD\zmmr^z,t^x^^L. mmm4--6\z^L 

[0 15 71 mmms) mmmio)m3 (d) (dxm 

tC4oV^T. affi»3^STUvXh-7Xi^7 3 2 4-3 2 7 

[0 15 8] zoT^ct^z^ouy^mm-t^^^T^tn 

2 (7)^4 (D) [ZBLfzXm^Z^lr^Xhm^T^^. 



[0 15 9] 7^*5. ^mmm<r>mf&\tmmm3 0AM- 
LCDizmmr^zthx^^L. mmm4^7\z^L 

[0 16 0] CII3g«?»J9) *:|li®«?ijTt5F^<A-[Hl8& 

itsr^;^cJ6(7)^iiitcc)(.^Tigi 3^^v^Tgis>B-r^o 

[01611013 fC^l^T. NTFTCOLDDMl^S 
1«, ^^WicmiE«Sl 0 2atC:t-M-^'yyLT 

lE^l 0 2atcy-hmffi^^W^D^n/^c^. ^13cD 
NT F Ttiy- hmm\Z:t-/^-yy fLfz L DDmm. 

(Dm^wz. y- hmM\z^-/'^-yyyLx^^r^\^^LD 
[0 16 2] c0j;:ofmm.^tmmmsxhmmLrz^ 

[0 16 3] ^fz. ccTtiCMos[Hl^s<7)«'&^^?*i^c 

[0 16 4] ^Tz. ^mmmo:>mm^nmr^rzmz 
{t. mMMi(Dm3 (D) iz^Lfzxmiz^^^xmms 

J:0^1iei^<i:0fe'liOj[£v^U'>;x h-7X^^IStt. -e 

(7)^. U ><^mj!)DXg^fTX.t»ll]5S«^j<7)<«ii^^liiC 

[0 16 5] U^. LDD$m<D^-^ (y-h«MiC;f 
-/^'-yyrLX^^^^i^tLX^^fj:^^3^(D&'^) U 

[0 16 6] 75:^, :^mmm<Dmmtnmm 3 0) AM - 
LCDizim-r^cthxt^L. mmm4--7{z^L 
rzmfS. th^^ \zm^^t^ita z. t f}^^mx & ^ <. 

[0167] mmm i o ] :^nmmx\t. mmm i ^ 
tz \tmmm 2\z^b rzfs^m ^mr&r ^\z& tzo xu- 
^-m^it&.^(^^m^m^^rzm^\z'Di^xmmr^o 

[0 16 8] ^»m\Z\t. SttB<hLT^t^^^ffia* 

mi^m^. mm7im^m^^rz^m^B^t&izj:omf&r^ 
o mmTtm^m^^^m^. ^^¥7 - 1 3 o 6 

5 2^i.^$g (T^SitiSS^O 8/3 2 9, 6 44^;^ct^ 
7K@{±i^#^ 08/430, 623 \zMl^^) . ^r?i¥ 8 

- 7 8 3 2 9^'l::mxm^^rlrzi^w^^m^^^zt^^m 

[0 16 9] :*:^;^0tJCD««t^^ffi#iJ 17!?S^SS 

9 (^±xomis,t^ m fcM^-^^^-tt ^ d i ^^^mx^ 

[0 17 0] mmm 1 1 ] ^^mmmitmi^m^mf^r 
^:f5mtLx. mmmi o^z^btzmm^^tm^^m^^ 
^cxm\^^ rzMmTim ^ m^m^mwm^^ ^ m^r ^ x 



(14) 
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^¥1 0- 1 3 5 4 6 8^iiS (*a*SS^0 8/9 

5 1, 19 3 izMtt^) ^rz\mm^ 10-135469 
^'J>m (Mmthmm^o 8/951, si 9ic«j<:o \z 

[0 17 1] [^li$B(ce«$tl7tS*l5tl> 
X 1 0 17atonis/cin3|^T, if 1X10 l^atoms/c 

^hz^ris.mr^zLt^'^^^. 
[0 17 2] T^fe, :^mmm<y:>mmtnmmir)mmm 
mi oo:)±x<DmjiSLt^^\zm.^'^t)'^^ztf)^'^m'c 

[0 17 3] mmm 1 2] :$^nmm\tm^m^mf&r 
^yimtbx. mmmioizmLfzmmmitm^m^K 
^zxm^^rzmmTtm^m^n^m^mt^^m^t^T. 

ss¥ 10-27036 3^^^:^^ (3Raaj®#^o 9/0 
5 0. 1 8 2\zMjB) \zmm^nrzmm^m^^^o 

[0 17 4] l^iir#tcfH«$n;tft«t^. 

m(Dm^it\zm ^^tzmmytm^^s^itrnz 'j xdy^ ^ 
^) >{ff^m^m^^xm^^^mfixh^. m^m^m^^ 

Ol7atoms/cni3E|T. *f ^L<fil X 1 0 16atoins/cm3(c 

^xi&mr^zti)^x^^o 
[0 17 5] fs.^. ^mmm<Dmmt'mmmir3mmm 
mi o<D±x<DmfS.t^^\zm^'^f:^it^z.tf}^'^mx 

[0 17 6] :mmm 1 3] ^mmmx\t. nmm 1 2 
x^Lfz^j >{zj^^fy^'} >^TMmmm\z^^^x 

[0 17 7]^^. %mmi(r>iLn\z^^'oxm2 (d) 

Oim^^mtz. 014 (A) «S3 (D) (D^mt^^U 
3 2 4-3 2 7 ^^^Lfc«Si^^L'TV^ 

1 0 \z5^Ltzmmmi\Lm^z^¥A^^x^^^. 
[0 17 8] NTFTa)v-x^«3 2 asr/ 

Hl/-r>m«3 2 9, My:iCPTFT<75y-X^iic3 3 
ISC/KU-r >'S«3 3 2{::tS 1 X 1 0I9-I X 1 021 
atOEs/ciD^ (Jf ^L<tl5 X 1 0 20atonis/cin3) C7D«ST 

u yt^^^nx^^^. 

[0 17 9] if^m:mmx\^:L<Ty^mx. mmnm%^x 
5qo-'8 0 0t:> 1 -2 4PSPp^. ^j^«6 0 or. 1 

^ntznm'&xsvm^i^^-'r^^wk^Ttm^mmt-t^ 

§«7t:^ {^nmmxvtzi^v'rM i)^^^<n^}!^\z^m 



IX 1 0^TaiQms/cm^i^T\Z^X{S:M-t^Ct7)^X^ 
fz. 

[0 18 0] 014 (B) (DXmmJLrz^. t^K(^ 
X@t3:^]56«?*l 1 <7)Xgtcfi£:^^i\ 0 3 (E) \z^r^o 

r^cuos^^^i^WkT^zt^^x^^o ^m. mm(D 
z,tf}mm^h^j^7.\B!i^xhrft)n^zt{tmo^x 

[0 18 1] fz^. ^mmm(Dmf&\tmmmi7^mmm 
mi Q(D±x(Dmf^t^mzu^^tD'^^ct^^'pimx 

[0 18 2] mmm 1 4) :^m^m<DTFTmm\tA 

M-LCD(DJ:^f^mmyt^mmr3fXfJ:<. $>^^^ 

^'^i^mmizmmr^ctf)^'pjmx$>^o m^. ris 

cyn-fe^yit. AS I CT^nir-y-tf-^cov-r^nynir 

m^m^^m^ms im^mm. phs. ^a<;h3> 

[0 18 3] $^tC. Se*OiMOSFET±fC/ir^«gig: 

M^f^^L. 'e<D±\z^m^m^m^^x^^mf^m^^i^ 

pjigT^^o z<D^o\zif-m^m\tm^Ls itim^^^ 
nx^^^±x(D^mf^^mizmmr^z,tf)^^mx$> 

-So IP%. S I MOX. Sma r t -C u t (SOITECtt 

mm) r^a<Dsoimm (m^^n^mi^mm^m^^fzr 

FTitii) \zi^mmM^mmLxh^^\ 

[0 18 41 sfc. :^mmm<D^mi^\s\m\t^mm 1 , 

2, 4- 1 3(;o£oJ:^/cCM^^^-tt;0\b;^^«t^^ffl 

^^x^mmT^zty^ixt^. 
[0 18 51 mmmi s) ^m^m^mmLxmf^^ 

^mm^^^i^^mzmmr^ztf^^xt^o sp-^. ^ 

m^m^±x \z:^m^m^mmx^ ^ . 
[0 18 6] ^(Dmumi'mmtLx^t. hix:^:^^^ 

^fzitmi^mm^) uay^m^f^n^. ^n^o-m^ 

015 fC^-fo 

[0187] 015 (A) \m^mkX^ 0 . 2 0 
0 1. g^^tti^ia52 0 0 2. l^^A;^gR2 0 0 3, 
gg2 0 0 4. }Sf^X'Y'y5^2 0 0 5, 7>7^^200 
6T<i^^n^o *®%0^^^^th:^a5 2 0 0 2, 
A:^SR2 0 0 3> S^Sg2 0 0 4 ^^c^fl6(?5ffl^»j}» 
[Hi g& tC igffl T ^ C c^: T ^ -5 o 

[0 18 81 0 15 (B) ttb'x:t:^/^T^O, 



(15) 
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2 10 1, mTj^mm 2 10 2. "^Pxfj^ 2103, m 

r^X^ 1 0 4, /N* '77^0-2 10 5, §^35 2 1 

0 6T«fiX$n^o :$^mnm^mi^^m2 102, 

[0 1 8 9] 0 1 5 (C) tt^/\'-1'7l/3>t!^-^ 
-hVH]>tf^-:$') *«=2 2 0 1 , ;^;<^a5 

2 2 0 2, §#SB2 2 0 3, iSf^X^ ^ 2 2 0 4 , * 
^^g2 2 0 ST^^^n-So *IS^e>^tia^^S2 2 

[0 19 0] SI 5 (D) ^i=r-i/;i/^x^xyu-rT 

^ 0 . 2 3 0 1, ^^SS 2 3 0 2, T — AgR 2 3 

0 3T«j«$n^o ^mm\t^^mm2 3 0 2^^(;)fa 
[01911015 (E) tiU7Mynvx^^--e* 

0, 4:^2 4 0 K ytm2 4 0 2, a^SS2 4 0 3, 
fi^t:-AXyU>y^2 4 0 4, U7U^^-2 4 0 
5, 2 4 0 6, X^'J->2 4 0 7T«^£^n^o 

9.ati*^^a2 4 0 s^p^^moym^Mmm^izmmr 

[0 19 2] mi 5 (F) \tya>hm':/upjL^^- 

0 , 2 5 0 1 , 2 5 0 2 , ^^^S 2 5 0 
3, 3t^S^2 504, Z^U->250 5T«^$n 

*:^^ii^^sa2 5 0 2'^^<Di&(r>m^mmMm 

[0 19 3] wL±<Dm\z. ^m^m(Dmmmmittm^x 
£<, ^ib^^^ma:)m'¥'ms^\zmmr^ct^i-^mx 

[0 19 4] 



[^61 




LD«iichLTfflV^AcO. LDD«iI<i:LTfflt.>AcO"r 
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(54) [Title of the Invention] Semiconductor Device And 
Manufacturing Thereof 

(57) [ABSTRACT] 
[ PURPOSE ] 

Providing a semiconductor device with a TFT structure with 
high reliability 
[MEANS] 

In a CMOS circuit formed on a substrate 101, a subordinate 
gate wiring line (a first wiring line) 102a and main gate wiring 
line (a second wiring line) 107a is provided in an n-channel 
TFT. The LDD regions 113 overlaps the first wiring line 102a 
and does not overlap the second wiring line 107a, Thus , applying 
a gate voltage to the first wiring line forms the GOLD structure , 
while not applying forms the LLD structure. In this way, the 
GOLD structure and the LLD structure can be used appropriately 
in accordance with the respective specifications required for 
the circuits. 

[Scope of Claims] 
[Claim 1] 

A semiconductor device including a CMOS circuit formed 
by n-channel TFT and p-channel TFT, characterized in that: 

the CMOS circuit has a structure that an active layer 
is sandwiched by a first wiring line and a second wiring line 
through an insulating layer in only the n-channel TFT, 

the active layer includes a low concentration impurity 
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region that is in contact with the channel formation region; 
and 

the low concentration impurity region is formed to 
overlap the first wiring line and not to overlap the second 
wiring line. 

[Claim 2] 

A semiconductor device according to claim 1 , 
characterized in that the first wiring line is electrically 
connected with the second wiring line. 

[Claim 3] 

A semiconductor device including a CMOS circuit formed 
by n-channel TFT and p-channel TFT, characterized in that: 

the CMOS circuit has a structure that an active layer 
is sandwiched by a first wiring line and a second wiring line 
through an insulating layer in only the n-channel TFT; and 

the second wiring line has a portion of structure 
laminated with a first conductive layer and a second conductive 
layer, and a portion of structure wrapped a third conductive 
layer with the first conductive layer and the second conductive 
layer . 

[Claim 4] 

A semiconductor device according to claim 3 , 
characterized in that the third conductive layer has a lower 
resistance value than a first conductive layer or the second 
conductive layer. 

[ Claim 5 ] 

A semiconductor device according to claim 3, 
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characterized in that the first wiring line or the second wiring 
line is appropriately a conductive film mainly containing an 
element selected from the group consisting of tantalum (Ta) , 
titanium (Ti) , tungsten (W) , molybdenum (Mo) , and silicon (Si) , 
or an alloy film or silicide film containing the above elements 
in combination - 

[Claim 6] 

A semiconductor device according to claim 3, 
characterized in that the third wiring line is appropriately 
a conductive film mainly containing aluminum (Al) or copper 
(Cu) . 

[Claim 7] 

A semiconductor device having a pixel matrix circuit 
that includes a pixel TFT and a storage capacitor formed in 
n-channel TFT, characterized in that: 

the pixel TFT has a structure that an active layer 
is sandwiched by a first wiring line and a second wiring line 
through an insulating layer, 

the active layer includes a low concentration impurity 
region that is in contact with the channel formation region; 
and 

the low concentration impurity region is formed to 
overlap the first wiring line and not to overlap the second 
wiring line . 

[Claim 8] 

A semiconductor device according to claim 7 , 
characterized in that the first wiring line is kept at the 
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ground electric potential or at the source power supply electric 
potential, 

[Claim 9] 

A semiconductor device according to claim 7, 
characterized in that the first wiring line is kept at the 
floating electric potential. 

[Claim 10] 

A semiconductor device having a pixel matrix circuit 
that includes a pixel TFT and a storage capacitor formed in 
n-channel TFT, characterized in that: 

the pixel TFT has a structure that an active layer 
is sandwiched by a first wiring line and a second wiring line 
through an insulating layer, 

the second wiring line has a portion of structure 
laminated with a first conductive layer and a second conductive 
layer, and a portion of structure wrapped a third conductive 
layer with the first conductive layer and the second conductive 
layer - 

[Claim 11] 

A semiconductor device according to claim 10, 
characterized in that the third conductive layer has a lower 
resistance value than a first conductive layer or the second 
conductive layer . 

[Claim 12] 

A semiconductor device according to claim 10 , 
characterized in that the first wiring line or the second wiring 
line is appropriately a conductive film mainly containing an 
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element selected from the group consisting of tantalum (Ta), 
titanium (Ti) , tungsten (W) , molybdenum (Mo) , and silicon (Si) , 
or an alloy film or silicide film containing the above elements 
in combination. 

[Claim 13] 

A semiconductor device according to claim 10, 
characterized in that the third wiring line is appropriately 
a conductive film mainly containing aluminum (Al) or copper 
(Cu). 

[Claim 14] 

A semiconductor device having a pixel matrix circuit 
and a driver circuit that are formed on the same substrate, 
characterized in that : 

a pixel TFT included in the pixel matrix circuit and 
an n-channel TFT included in the driver circuit have a structure 
that an active layer is sandwiched by a first wiring line and 
a second wiring line through an insulating layer; and 

the first wiring line connected to the pixel TFT is 
Icept at the fixed electric potential or the floating electric 
potential,, and the first wiring connected to the n-channel 
TFT included in the driver circuit is Jcept at the same level 
of electric potential as the second wiring line connected to 
the n-channel TFT included in the said driver circuit. 

[Claim 15] 

A semiconductor device according to claim 14, 
characterized in that the active layer includes a low 
concentration impurity region that is in contact with the channel 
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formation region; and 

the low concentration impurity region is formed to 
overlap the first wiring line and not to overlap the second 
wiring line. 

[Ciaim 16] 

A semiconductor device according to claim 14, 
characterized in that the second wiring line has a portion 
of structure laminated with a first conductive layer and a 
second conductive layer, and a portion of structure wrapped 
a third conductive layer with the first conductive layer and 
the second conductive layer. 

[Claim 17] 

A semiconductor device according to claim 14, 
characterized in that the third conductive layer has a lower 
resistance value than a first conductive layer or the second 
conductive layer. 

[Claim 18] 

A semiconductor device according to claim 14, 
characterized in that the first wiring line or the second wiring 
line is appropriately a conductive film mainly containing an 
element selected from the group consisting of tantalum (Ta) , 
titanium (Ti) , tungsten (W) , molybdenum (Mo) , and silicon (Si) , 
or an alloy film or silicide film containing the above elements 
in combination. 

[Claim 19] 

A semiconductor device according to claim 14, 
characterized in that the third wiring line is appropriately 
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a conductive film mainly containing aluminum (Al) or copper 
(Cu) . 

[Claim 20] 

A semiconductor device, characterized in that the 
semiconductor device according to any one of claims 1 to 19 
is an active matrix liquid crystal display or an active matrix 
EL display. 

[Claim 21] 

A semiconductor device, characterized in that the 
semiconductor device according to any one of claims 1 to 19 
is a video camera, a digital camera, a projector, a projection 
TV, a goggle type display, an automobile navigation system, 
a personal computer, or a portable information terminal. 

[Claim 22] 

Manufacturing method of a semiconductor device 
including a CMOS circuit formed by n-channel TFT and p-channel 
TFT comprising: 

a process of forming a first wiring line on a substrate, 

a process of forming a first insulating layer on the 
first wiring line, 

a process of forming active layers, an active layer 
of the n-channel TFT and an active layer of the p-channel TFT, 
on the first insulating layer, 

a process of forming a second insulating layer by 
overlapping the active layer of n-channel TFT and the active 
layer of p-channel layer, and 

a process of forming a second wiring line on the second 
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insulating layer; and 

characterized in that the first wiring line is formed 
to cross only with the active layer of n-channel TFT. 

[Claim 23] 

Manufacturing method of a semiconductor device 
according to claim 22, characterized in that the second wiring 
line has a portion of structure laminated with a first conductive 
layer and a second conductive layer, and a portion of structure 
wrapped a third conductive layer with the first conductive 
layer and the second conductive layer. 

[Claim 24] 

Manufacturing method of a semiconductor device 
including a CMOS circuit formed by n-channel TFT and p-channel 
TFT comprising: 

a process of forming a first wiring line on a substrate, 

a process of forming a first insulating layer on the 
first wiring line, 

a process of forming active layers, an active layer 
of the n-channel TFT and an active layer of the p-channel TFT, 
on the first insulating layer, 

a process of forming a second insulating layer by 
overlapping the active layer of n-channel TFT and the active 
layer of p-channel layer, and 

a process of forming a first conductive layer on the 
second insulating layer, 

a process of forming a patterned third conductive layer 
on the first conductive layer, and 
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a process of forming a second conductive layer by 
overlapping the third conductive layer; and 

characterized in that the first wiring line is formed 
to cross only with the active layer of n-channei TFT. 

[Claim 25] 

Manufacturing method of a semiconductor device 
according to claim 23 or 24, characterized in that the third 
conductive layer is used material with a lower resistance value 
than the first conductive layer or the second conductive layer. 

[Claim 26] 

Manufacturing method of a semiconductor device 
according to claim 23 or 24, characterized in that the first 
conductive layer or the second conductive layer is formed by 
a conductive film mainly containing an element selected from 
the group consisting of tantalum (Ta) , titanium (Ti) , tungsten 
(W) , molybdenum (Mo), and silicon (Si), or an alloy film or 
silicide film containing the above elements in combination. 

[Claim 27] 

Manufacturing method of a semiconductor device 
according to claim 23 or 24, characterized in that the third 
conductive layer is appropriately a conductive film mainly 
containing aluminum (Al) or copper (Cu). 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention belongs] 
The present invention relates to a semiconductor device 
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having a circuit composed of a thin film transistor (hereinafter 
referred to as TFT). For example, the invention relates to 
an electro-optical device represented by a liquid crystal 
display panel and to electronic equipment mounted with the 
electro-optical device as a component. 
[0002] 

In this specification, a 'semiconductor device' refers 
to a device in general that utilizes semiconductor 
characteristics to function, and electro-optical devices, 
semiconductor circuits, and electronic equipment are 
semiconductor devices . 

[0003] 

[Prior Art] 

A thin film transistor (hereinafter referred to as 
TFT) can be formed on a transparent glass substrate, and hence 
its application to an active matrix liquid crystal display 
(hereinafter referred to as AM-LCD) has been developed actively. 
A TFT utilizing a crystalline semiconductor film (typically, 
apolysilicon film) can provide high mobility , mailing it possible 
to integrate functional circuits on the same substrate for 
high definition image display. 

[0004] 

An active matrix liquid crystal display device requires 
million TFTs for pixels alone when the screen is to have high 
definition. Its functional circuits also need TFTs to further 
increase the number of required TFTs . Each of these TFTs has 
to have secured reliability and operate stably in order to 
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realize stable operation of the liquid crystal display device. 
[0005] 

However, the TFT is considered as not so equal in terms 
of reliability to a MOSFET that is formed on a single crystal 
semiconductor substrate. The TFT experiences lowering of 
mobility and ON current when it is operated for a long period 
of time, as the MOSFET suffers from the same phenomena. One 
of causes of the phenomena is characteristic degradation due 
to hot carriers that accompany enlargement of a channel electric 
field. 

[0006] 

The MOSFET, on the other hand, has the LDD (lightly 
doped drain) structure as a well-]cnown reliability improving 
technique. This structure adds a low concentration impurity 
region inside a source • drain region. The low concentration 
impurity region is called an LDD region. Some TFTs employ 
the LDD structure. 

[0007] 

Another known structure for the MOSFET is to maJte the 
LDD region somewhat overlap a gate electrode with a gate 
insulating film sandwiched therebetween. This structure can 
be obtained in several different modes . For example , structures 
called GOLD (Gate -drain overlapped LDD) and LATID 
(Large- tilt-angle implanted drain) are known. The hot carrier 
withstandingness can be enhanced by these structures. 

[0008] 

There have been attempts to apply these structures 
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for MOSFETs to TFTs . However . application of the GOLD structure 
(in this specification, a structure having an LDD region to 
which a gate voltage is applied is called a GOLD structure 
whereas a structure having merely an LDD region to which a 
gate voltage is not applied is called an LDD structure) to 
a TFT has a problem of OFF current (current flowing when the 
TFT is in an OFF state) being larger than in the LDD structure. 

For that reason, the GOLD structure is not suitable for a 
circuit in which OFF current should be as small as possible, 
such as a pixel matrix circuit of an AM-LCD. 
[0009] 

[Problems to be solved by the Invention] 
An object of the present invention is to provide an 
AM-LCD having high reliability by constructing circuits of 
the AM-LCD from TFTs having different structures to suit the 
respective functions of the circuits. The invention aims to 
accordingly enhance the reliability of a semiconductor device 
(electronic equipment) having this AM-LCD. 
[0010] 

[Means for solving the Problems] 

According to a structure of the present invention 
disclosed in this specification , a semiconductor device 
including a CMOS circuit formed by n-channel TFT and p-channel 
TFT, characterized in that: 

the CMOS circuit has a structure that an active layer 
is sandwiched by a first wiring line and a second wiring line 
through an insulating layer in only the n-channel TFT, 
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the active layer includes a low concentration impurity 
region that is in contact with the channel formation region; 
and 

the low concentration impurity region is formed to 
overlap the first wiring line and not to overlap the second 
wiring line. 

[0011] 

In the above structures, the first wiring line is 
electrically connected with the second wiring line. That is, 
a first wiring line and a second wiring line are in the same 
electric potential, so that it becomes possible to add the 
samie voltage to active layers. 

[0012] 

According to another structure of the present invention , 
a semiconductor device including a CMOS circuit formed by 
n-channel TFT and p-channel TFT, characterized in that: 

the CMOS circuit has a structure that an active layer 
is sandwiched by a first wiring line and a second wiring line 
through an insulating layer in only the n-channel TFT; and 

the second wiring line has a portion of structure 
laminated with a first conductive layer and a second conductive 
layer, and a portion of structure wrapped a third conductive 
layer with the first conductive layer and the second conductive 
layer . 

[0013] 

In the above structures, the third conductive layer 
is used material with a lower resistance value than the first 
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conductive layer or the second conductive layer. Concretely, 
the first conductive layer or the second conductive layer is 
preferably a conductive film mainly containing an element 
selected from the group consisting of tantalum (Ta), titanium 
(Ti) , tungsten (W) , molybdenum (Mo), and silicon (Si), or an 
alloy film or silicide film containing the above elements in 
combination. And the third wiring line is preferably a 
conductive film mainly containing aluminum (Al) or copper (Cu) . 
[0014] 

According to another structure of the present invention , 
a semiconductor device having a pixel matrix circuit that 
includes a pixel TFT and a storage capacitor formed in n- channel 
TFT, characterized in that: 

the pixel TFT has a structure that an active layer 
is sandwiched by a first wiring line and a second wiring line 
through an insulating layer, 

the active layer includes a low concentration impurity 
region that is in contact with the channel formation region; 
and 

the low concentration impurity region is formed to 
overlap the first wiring line and not to overlap the second 
wiring line . 

[0015] 

In the above structures, the first wiring line is kept 
at the ground electric potential or at the source power supply 
electric potential, and is Jcept at the floating electric 
potential . 
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[0016] 

According to another structure of the present invention , 
a semiconductor device having a pixel matrix circuit that 
includes a pixel TFT and a storage capacitor formed in n-channel 
TFT, characterized in that: 

the pixel TFT has a structure that an active layer 
is sandwiched by a first wiring line and a second wiring line 
through an insulating layer, 

the second wiring line has a portion of structure 
laminated with a first conductive layer and a second conductive 
layer, and a portion of structure wrapped a third conductive 
layer with the first conductive layer and the second conductive 
layer , 

[0017] 

According to another structure of the present invention , 
a semiconductor device having a pixel matrix circuit and a 
driver circuit that are formed on the same substrate, 
characterized in that: 

a pixel TFT included in the pixel matrix circuit and 
an n-channel TFT included in the driver circuit have a structure 
that an active layer is sandwiched by a first wiring line and 
a second wiring line through an insulating layer; and 

the first wiring line connected to the pixel TFT is 
Icept at the fixed electric potential or the floating electric 
potential, and the first wiring connected to the n-channel 
TFT included in the driver circuit is kept at the same level 
of electric potential as the second wiring line connected to 
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the n-channel TFT included in the said driver circuit. 
[0018] 

In the above structures, the active layer includes 
a low concentration impurity region that is in contact with 
the channel formation region and the low concentration impurity 
region is formed to overlap the first wiring line and not to 
overlap the second wiring line. 

[0019] 

Further, the second wiring line has a portion of 
structure laminated with a first conductive layer and a second 
conductive layer, and a portion of structure wrapped a third 
conductive layer with the first conductive layer and the second 
conductive layer. 

[0020] 

According to another structure of the present invention , 
manufacturing method of a semiconductor device including a 
CMOS circuit formed by n-channel TFT and p-channel TFT 
comprising: 

a process of forming a first wiring line on a substrate, 

a process of forming a first insulating layer on the 
first wiring line, 

a process of forming active layers, an active layer 
of the n-channel TFT and an active layer of the p-channel TFT, 
on the first insulating layer, 

a process of forming a second insulating layer by 
overlapping the active layer of n-channel TFT and the active 
layer of p-channel layer, and 
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a process of forming a second wiring line on the second 
insulating layer; and 

characterized in that the first wiring line is formed 
to cross only with the active layer of n-channel TFT. 

[0021] 

In the above structures, the second wiring line has 
a portion of structure laminated with a first conductive layer 
and a second conductive layer , and a portion of structure wrapped 
a third conductive layer with the first conductive layer and 
the second conductive layer. 

[0022] 

According to another structure of the present invention , 
manufacturing method of a semiconductor device including a 
CMOS circuit formed by n-channel TFT and p-channel TFT 
comprising: 

a process of forming a first wiring line on a substrate, 

a process of forming a first insulating layer on the 
first wiring line, 

a process of forming active layers, an active layer 
of the n-channel TFT and an active layer of the p-channel TFT, 
on the first insulating layer , 

a process of forming a second insulating layer by 
overlapping the active layer of n-channel TFT and the active 
layer of p-channel layer, and 

a process of forming a first conductive layer on the 
second insulating layer , 

a process of forming a patterned third conductive layer 
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on the first conductive layer , and 

a process of forming a second conductive layer by 
overlapping the third conductive layer; and 

characterized in that the first wiring line is formed 
to cross only with the active layer of n-channel TFT. 

[0023] 

[Embodiment Mode of the Invention] 
Embodiment Mode 1 

An embodiment mode of the present invention will be 
described talcing as an example a CMOS circuit ( inverter circuit ) 
in which an n-channel TFT (hereinafter referred to as NTFT) 
is combined with a p-channel TFT (hereinafter referred to as 
PTFT) . 

[0024] 

A sectional structure thereof is shown in Fig. lA and 
a top view thereof is shown in Fig. IB. The description will 
be given using symbols common to Fig. lA and Fig. IB. The 
sectional views taken along the lines A-A', B-B', and C-C 
in Fig. IB correspond to the sectional views A-A' , B-B', and 
C-C in Fig. lA, respectively. 

[0025] 

In Fig. lA, 101 denotes a substrate; 102a, 102b, and 
102c, first wiring lines; 103, a first insulating layer; 104, 
an active layer of NTFT; 105, an active layer of PTFT; and 
106, a second insulating layer. 

[0026] 

On that, a second wiring line 107a laminated with a 
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first conductive layer 107al and a second conductive layer 
107a2, similarly a second wiring line 107b laminated with a 
first conductive layer 107bl and a second conductive layer 
107b2 , a second wiring line 107c laminated with a first conductive 
layer 107cl and a second conductive layer 107c2, and a second 
wiring line 107d which has a structure of sandwiching a third 
conductive layer d3 with a first conductive layer 107dl and 
a second conductive layer 107d2, 
[0027] 

108 is a first interlayer insulating layer, 109 to 
111 are third wiring lines, 109 and 110 are source wiring lines 
(including source electrodes), and 111 is a drain wiring line 
(including a drain electrode). 

[0028] 

In the CMOS circuit structured as above, a glass 
substrate, a quartz substrate, a metal substrate, a stainless 
steel substrate, a plastic substrate, a ceramic substrate, 
or a silicon substrate may be used as the substrate 101. When 
a silicon substrate is used, it is appropriate to oxidize its 
surface to form a silicon oxide film in advance. 

[0029] 

Although the first wiring line is a wiring line of 
the same pattern as shown in Fig. IB, it is sectioned into 
102a, 102b, and 102c for the sake of explanation. Here, the 
first wiring line 102a represents an intersection with the 
active layer, the first wiring line 102b represents a connection 
between the TFTs , and the first wiring line 102c represents 
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a power supplying portion common to the circuits. 
[0030] 

The first wiring line 102a here functions as a 
subordinate gate electrode of the NTFT. That is, the electric 
charge of the channel formation region 112 is controlled by 
the first wiring line 102a and by the second wiring line (main 
gate electrode ) 107a that is given with the same level of electric 
potential as the first wiring line 102a, so that only the first 
wiring line 102a can apply a gate voltage (or a predetermined 
voltage) to the LDD regions 113. 

[0031] 

Accordingly, the GOLD structure cannot be obtained 
with the second wiring line 107a alone functioning as the gate 
electrode (the LDD structure is obtained instead), not until 
the first wiring line 102a joins with the second wiring line 
113a. Advantages of this structure will be described later. 
The first wiring line 102a also functions as a light -shielding 
layer , 

[0032] 

Any material can be used for the first wiring line 
as long as it has conductivity. However, a desirable material 
would be one having heat resistance against the temperature 
in a later process. For example, a conductive film mainly 
containing (50% or more composition ratio) an element selected 
from the group consisting of tantalum (Ta), titanium (Ti) , 
tungsten (W) , molybdenum (Mo), and silicon (Si), or an alloy 
film or silicide film containing the above elements in 
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combination . 

[0033] 

Given as a feature of this embodiment mode is providing 
the first wiring line 102a in the NTFT only and not in the 
PTFT. Although the PTFT in Fig. lA does not have an offset 
region and an LDD region either, one of the regions or both 
of the regions may be formed in the PTFT. 

[0034] 

Structured as above, the first wiring line is led from 
the power supplying portion through the connection to the NTFT 
to function as a subordinate gate electrode of the NTFT as 
shown in Fig. IB. 

[0035] 

The second wiring line is also a wiring line of the 
same pattern but, for the sake of explanation, is sectioned 
almost the same way the first wiring line is sectioned. In 
Fig. lA, 107a represents an intersection with the active layer 
of the NTFT 104 , 107b represents an intersection with the active 
layer of the PTFT 105, 107c represents a connection between 
the TFTs, and 107d represents a power supplying portion. 

[0036] 

A second wiring line is formed by laminating two kinds 
of conductive layers basically. Any upper layer and any lower 
layer can be used as long as it has a conductivity, a tantalum 
(Ta) film, a chromium (Cr) film, a titanium (Ti) film, a tungsten 
(W) film, a molybdenum (Mo) film, and a silicon (Si) film may 
be used in any combination to form the second wiring lines. 
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An alloy film or silicide film of those may also be used. 
[0037] 

It is necessary to select material possible to pattern 
to the same form after laminating. That is, the combination, 
which after laminating enables to etch collectively or to etch 
the side of lower layers by masking the side of upper layers, 
is desirable. And a conductive layer provided in lower layers 
must have a positive selective ratio of etching with the third 
conductive layer 107d3. 

[0038] 

The third conductive layer 107d3 is a conductive film 
mainly containing aluminum (Al) or copper (Cu) , which component 
ratio is more than 50%, and the second wiring line is formed 
by structure wrapped with the first conductive layer 10 7dl 
and the second conductive layer 107d2 (hereinafter referred 
to as a cladding structure). This second wiring line 107d 
forms a wiring line equal to the part of power supply. 

[0039] 

The CMOS circuit is an inverter circuit much used as 
a driver circuit of AM-LCD and other signal process circuits. 

Since these driver circuit and signal process circuit are 
integrated in high density, it is desireble to make the width 
of the wiring line narrow to the utmost. Therefore, the part 
of orossing (a gate electrode portion) and the part of connecting 
( a portion drawing wiring lines ) with active layers are designed 
as narrow as possible. And the length of a wiring line itself 
in these parts is not so long that it is hardly affected by 
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resistance of wiring lines. 
[0040] 

In the power supply portion, however, the length of 
a wiring line itself is so long that it is much affected by 
resistance of wiring lines. So that, in the present embodiment 
mode, material mainly containing aluminum and copper with low 
resistance is used to reduce resistance of wiring lines. In 
structure such as the second wiring line 107d, the width of 
wiring lines is a little wide, but it is no problem because 
the power supply portion is formed in the outside of complicatedly 
integrated circuits. 

[0041] 

Like an AM-LCD having a diagonal size of 4 inch or 
less, in the case of applying the present invention to the 
semiconductor device with wholly small circuits and without 
extremely long wiring lines, a wiring line as the power supply 
portion is also so short that it is unnecessary to use the 
above-mentioned cladding structure. In other words, it can 
be said that the structure as shown in Figure 1 is effective 
in an AM-LCD having a diagonal size of 4 inch or more. 

[0042] 

As described above, the CMOS circuit of this embodiment 

mode has the two characteristics as follows; 

1. The first wiring line (subordinate gate wiring line) is 
provided only in the NTFT and the same level of voltage 
as the second wiring line (main gate wiring line) or a 
predetermined voltage is applied to the first wiring line. 
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thereby giving the NTFT the GOLD structure. 
2. The gate electrode portion and the connecting portion of 
the second wiring line are made narrow and integrated, and 
the power supply portion is made low resistance by a structure 
sandwiching the third conductive layer having low resistance 
with the first and the second conductive layers (the cladding 
structure ) . 
[0043] 

Embodiment Mode 2 

An embodiment mode of the present invention will be 
described taking as an example a pixel matrix circuit that 
uses an NTFT for a pixel TFT. This pixel matrix circuit is 
formed on the same substrate as the CMOS circuit described 
in Embodiment Mode 1 at the same time. Therefore, see the 
description in Embodiment Mode 1 for details of the wiring 
lines of the identical names. 

[0044] 

A sectional structure of the pixel matrix circuit is 
shown in Fig. 2A and a top view thereof is shown in Fig. 2B. 

The description will be given using symbols common to Fig. 
2A and Fig. 2B. The sectional views taken along the lines 
A-A' and B-B' in Fig. 2B correspond to the sectional views 
A- A' and B-B' in Fig. 2A, respectively 
[0045] 

In Fig. 2A, 201 denotes a substrate; 202a, 202b and 
202c, first wiring lines; 203, a first insulating layer; 204, 
an active layer of a pixel TFT (NTFT) ; and 205, a second insulating 
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layer. The pixel TFT shown here as an example has a double 
gate structure, but it may have a single gate structure or 
a multi-gate structure in which three or more TFTs are connected 
in series. 

[0046] 

On the second insulating layer 203, a second wiring 
line 206a having a structure of sandwiching a third conductive 
layer 206a3 with a first conductive layer 206al and a second 
conductive layer 206a2, a second wiring line 206b laminated 
a first conductive layer 206bl and a second conductive layer 
206b2, a second wiring line 206c laminated a first conductive 
layer 206cl and a second conductive layer 206c2 , and a capacitor 
wiring line 207 laminated a first conductive layer 207a and 
a second conductive layer 207b. 

[0047] 

Here , a storage capacitor is formed between the capacitor 
wiring line 207 and an active layer 204 (namely, a region extended 
from the drain region 207) with the first insulating layer 
205 as dielectric. In this case, the first insulating layer 
205 is put on a silicon nitride film as a laminated structure 
with a silicon oxide film and a second wiring line is formed 
after removing a silicon oxide film to be the part of the storage 
capacitor selectively, and then it is realized that the storage 
capacitor has only a silicon nitride film with high dielectric 
constant as a dielectric . 

[0048] 

Denoted by 208 is a first interlayer insulating layer. 
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209 and 210, third wiring lines, 209, a source wiring line 
(including a source electrode), and 215, a drain wiring line 
(including a drain electrode). Formed thereon are a second 
interlayer insulating layer 211, a black mask 212, a third 
interlayer insulating layer 213, and a pixel electrode 214. 
[0049] 

Although the first wiring line is a wiring line of 
the same pattern as shown in Fig. 2B, it is sectioned into 
202a, 202b, and 202c for the sake of explanation. Here, the 
first wiring line 202a represents a wiring line portion that 
does not function as a gate electrode, whereas 202b and 202c 
are intersections with the active layer 204 and function as 
the gate electrodes . 

[0050] 

The first wiring lines shown here are formed at the 
same time the first wiring lines described in Embodiment Mode 
1 are formed. Therefore the material and other explanations 
thereof are omitted . 

[0051] 

The first wiring lines 202b and 202c function as 
light -shielding films of the pixel TFT. In other words, they 
do not have the function of the subordinate gate wiring line 
as the one described in Embodiment Mode 1 , and are given a 
fixed electric potential or set to a floating state (an 
electrically isolated state). The fixed electric potential 
is given a ground electric potential or a power supply electric 
potential (at the same level of electric potential as a source 
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wiring line) . By that , holes generated by hot carrier injection 
can be removed from the channel formation regions and as a 
result electric charge is neutralized to disappear hot carrier. 
[0052] 

Electric charges in the channel formation regions 215 
and 216 are thus controlled by the first wiring lines 206b 
and 206c to provide the LDD structure. Therefore an increase 
in OFF current can be contained effectively. 

[0053] 

The pixel matrix circuit shown in this embodiment mode 
thus has an NTFT as its pixel TFT, and the structure of the 
NTFT is the same as the NTFT of the CMOS circuit explained 
in Embodiment Mode 1. However, the NTFT in the pixel matrix 
circuit is different from the NTFT in the CMOS circuit where 
the GOLD structure is obtained by using the first wiring line 
as a subordinate gate wiring line through application of a 
predetermined voltage, in that the LDD structure is obtained 
by giving the first wiring lines a fixed electric potential 
or setting them to a floating state. 

[0054 ] 

In other words, the biggest feature of the present 
invention is that NTFTs having the same structure are formed 
on the same substrate and then they are respectively given 
the GOLD structure or the LDD structure by being applied or 
not being applied a voltage to their first wiring lines 
( subordinate gate wiring lines ) , This makes the optimal circuit 
design possible without increasing the number of manufacture 
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steps . 

[0055] 

In second wiring lines 206a, 206b and 206c, 206b and 
206c are gate electrode portions and 206a is a wiring line 
portion. Since it is desirable that resistance of the wiring 
line is lowered as much as possible in the wiring line portion, 
a cladding structure is adopted. But in the gate electrode 
portion, since the width of wiring lines decides the length 
of a channel, it is designed to make the width of lines narrow 
by laminating the first conductive layer and the second 
conductive layer. 

[0056] 

Details and effect of the cladding structure is explained 
in Embodiment Mode 1, therefore explanation is omitted here. 

And as described in Embodiment Mode 1, needless to say, it 
is unnecessary that an AM-LCD having a diagonal size of 4 inch 
or less adopts a cladding structure. 
[0057] 

The structures of the present invention in the above 
will be described in detail in the following embodiments. 
[ 0058] 

Embodiment 1 

In this embodiment, a method of manufacturing the CMOS 
circuit described in Embodiment Mode 1 will be described. 
The description will be given with reference to Fig, 3. 

[0059] 

First, a glass substrate is prepared as a substrate 
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301. On the base film, first wiring lines 302a, 302b, and 
302c are formed. The material of the first wiring lines is 
a laminated film, which a tungsten silicide (WSix) film and 
a silicon film are laminated in order by sputtering. The order 
of laminating can of course be reversed and the CVD method 
can be used as means of depositing. And to form oxide film 
on a surface after forming the above-mentioned laminated films 
is effective in the sense of protection of the surface. 
[0060] 

Other metal films, alloy films, or the like may of 
course be used because the first wiring lines 302a, 302b, and 
302c can be formed of any film as long as it has conductivity. 
A chromium film or a tantalum film that can be formed by patterning 
with a small taper angle is effective in improving the levelness . 
[0061] 

A second insulating layer 303 is formed next from an 
insulating film containing silicon . The first insulating layer 
303 functions as a gate insulating film in using the first 
wiring line 302a as a subordinate gate wiring line as well 
as performs as a base film to protect an active layer. 

[0062] 

This embodiment employs a layered structure in which 
a silicon nitride film with a thiclcness of 50 nm is formed 
first and a silicon oxide film with a thicJcness of 80 nm is 
formed thereon. It may of course be a silicon oxynitride film 
expressed as SiOxNy (x/y - 0.01 to 100). In this case, the 
withstand voltage thereof can be enhanced by maJcing the nitrogen 
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content larger than the oxygen content . 
[0063] 

Next, an amorphous silicon film (not shown in the 
drawing) with a thickness of 50 nm is formed and a crystalline 
silicon film is formed by crystallizing using a known laser 
crystallization technique. And the crystalline silicon film 
is patterned to form active layers 304 and 305. In process 
of crystallization in this embodiment, an amorphous silicon 
film is irradiated by processing the pulse-oscillating typed 
excimer laser light into a linear beam. 

[0064] 

Although this embodiment uses as a semiconductor film 
for the active layers a crystalline silicon film obtained by 
crystallizing an amorphous silicon film, other semiconductor 
films such as a microcrystalline silicon film may be used or 
a crystalline silicon film may be formed directly. Other than 
silicon films, a compound semiconductor film such as a silicon 
germanium film may be used. 

[0065] 

A second insulating layer 306 is formed next from a 
silicon oxide film, a silicon oxynitride film, or a silicon 
nitride film, or a laminate of those so as to cover the active 
layers 304 and 305. A silicon oxynitride film is formed here 
by plasma CVD to a thickness of 100 nm. The second insulating 
layer functions as a gate insulating film when a second wiring 
line is used as a main gate wiring line. 

[0066] 
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Next, a tantalum film 307 with a thickness of 20 nm 
is formed as a first conductive layer and thereon a third 
conductive layer 308 made by an aluminum film doped scandium 
is formed. And a second conductive layer 309 made by a tantalum 
film is formed to have a thickness of 200 nm. Either sputtering 
or CVD can be used to form these films. 

[0067] 

After the state of Fig. 3A is thus obtained, resist 
masks 310 and 311 are formed to etch the first conductive layer 
307 and the second conductive layer 309. In this way, a second 
wiring line 312 is formed from the laminated structure of the 
tantalum film. The second wiring line 312 corresponds to the 
second wiring line (main gate wiring line) 107a in Fig. lA. 

[0068] 

Next, the film is doped with an element belonging to 
Group 15 (typically, phosphorus or arsenic) to form low 
concentration impurity regions 313 . A channel formation region 
of the NTFT is defined simultaneously. In this embodiment, 
phosphorus is used as the element belonging to Group 15, and 
ion doping that does not involve mass separation is employed. 
(Fig. 3B) 

[0069] 

Doping conditions include setting the acceleration 
voltage to 90 keV, and adjusting the dose so that phosphorus 
is contained in a concentration of 1 x 10^^ to 1 x 10^^ atoms/cm^ 
(preferably 5 x 10^^ to 5 x 10^® atoms/cm^) . This concentration 
later sets the impurity concentration in the LDD regions, and 
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hence is needed to be controlled precisely. 
[0070] 

The resist masks 310 and 311 are then removed and resist 
masks 315 to 318 are newly formed. The first conductive layer 
307 and the second conductive layer 309 are etched to form 
second wiring lines 319 to 321. The second wiring lines 319, 
320 and 321 respectively correspond to the second wiring lines 
107b, 107c and 107d of Fig, lA. 

[0071] 

Next, the film is doped with an element belonging to 
Group 13 (typically boron or gallium) to form an impurity region 
322. A channel formation region 323 of the PTFT is defined 
simultaneously . In this embodiment , boron is used as the element 
belonging to Group 13, and ion doping that does not involve 
mass separation is employed. (Fig. 3C) 

[0072] 

Doping conditions include setting the acceleration 
voltage to 75 keV, and adjusting the dose so that boron is 
contained in a concentration of 1 x 10^^ to 5 x 10^^ atoms/cm^ 
(preferably 1 x 10'° to 1 x 10^' atoms/cm'). 

[0073] 

The resist masks 315 to 318 are then removed and resist 
masks 324 to 327 are formed again. In this embodiment, the 
resist masks are formed by a back side exposure method. For 
the resist masks 324, 326 and 327, the first wiring lines serve 
as masks whereas the second wiring lines serve as masks for 
the resist mask 325. With the first wiring lines as masks. 
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a small amount of light reaches behind the wiring lines and 
hence the line width in this case is narrower than the width 
of the first wiring lines . The line width can be controlled 
by exposure conditions. 
[0074] 

The resist masks can of course be formed by using masks 
instead. In this case, the degree of freedom in pattern design 
is raised but the number of masks is increased. 

[0075] 

After the resist masks 324 to 327 are thus formed, 
a step of doping with an element belonging to Group 1 5 ( phosphorus 
in this embodiment) is conducted. Here, the acceleration 
voltage is set to 90 keV, and the dose is adjusted so that 
phosphorus is contained in a concentration of 1 x 10^^ to 5 
X lO'^' atoms/cm'' (preferably 1 x lO''^ to 1 x 10'' atoms/cm'). 

[0076] 

Through this step, a source region 328, a drain region 
329 and an LDD region 330 of the NTFT are defined. And a source 
region 331 and a drain region 332 of the PTFT are defined. 
A source region and a drain region of the PTFT are also doped 
with phosphorus in this step. However, the P type conductivity 
thereof can be maintained and is not reversed to the N type 
conductivity if they are doped with boron in a higher 
concentration in the previous step. 

[0077] 

After the NTFT and the PTFT are thus doped with impurity 
elements each imparting one of the conductivity types, the 
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impurity elements are activated by furnace annealing, laser 
annealing, or lamp annealing , or by using these annealing methods 
in combination . 

[0078] 

The state of Fig. 3D is obtained in this way. Then 
a first interlayer insulating layer 333 is formed from a silicon 
oxide film, a silicon nitride film, a silicon oxynitride film, 
or a resin film, or from a laminate of those films. Contact 
holes are opened in the layer to form source wiring lines 33 4 
and 335 and a drain wiring line 336. (Fig. 3E). 

[0079] 

The first interlayer insulating layer 333 in this 
embodiment has a two-layer structure in which a silicon nitride 
film with a thiclcness of 50 nm is formed first and a silicon 
oxide film with a thickness of 950 nm is formed thereon. The 
source wiring lines and the drain wiring line in this embodiment 
are formed by patterning a three- layer structure laminate 
obtained by successively forming, by sputtering, a titanium 
film with a thiclcness of 100 nm, an aluminum film containing 
titanium and having a thickness of 300 nm, and another titanium 
film with a thickness of. 150 nm. 

[0080] 

A CMOS circuit structured as shown in Fig. 3E is thus 
completed . The CMOS circuit of this embodiment has the structure 
shown in Fig. lA, and explanations thereof are omitted here 
because it is described in detail in Embodiment Mode 1 . To 
obtain the structure of Fig. lA, the manufacturing process 
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is not necessarily limited to the process of this embodiment. 

For example, the NTFT may take the double gate structure while 
the PTFT is given the single gate structure. 
[0081] 

The CMOS circuit described in this embodiment serves 
as a basic unit circuit for constructing a driver (driving) 
circuit (including a shift register circuit, a buffer circuit, 
a level shifter circuit, a sampling circuit, etc.) and other 
signal processing circuits (such as a divider circuit, a D/A 
converter circuit, a y correction circuit, and an operation 
amplifier circuit) in an AM-LCD. 

[0082] 

In this embodiment, the first wiring line of the NTFT 
is used as a subordinate gate wiring line to thereby obtain 
a substantial GOLD structure and prevent degradation by hot 
carrier injection. Accordingly, a circuit having a very high 
reliability can be formed. 

[0083] 

By narrowing the width of wiring lines in the high 
integrated part and by a cladding structure in the not so high 
integrated part (an electric power supplying portion), 
resistance of wiring lines is reduced, and it is a structure 
to reduce the delayed time because of resistance of wiring 
lines . 

[0084] 

Embodiment 2 

In this embodiment, a method of manufacturing the pixel 
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matrix circuit described in Embodiment Mode 2 will be described. 

The description will be given with reference to Figs. 4 and 
5. The pixel matrix circuit is formed on the same substrate 
as the CMOS circuit shown in Embodiment 1 at the same time. 

Therefore, the description will be given in relation to the 
manufacturing process of Embodiment 1 and the symbols identical 
with those in Fig. 3 are used when necessary. 
[0085] 

First, second wiring lines 401a, 401b, and 401c are 
formed on the glass substrate 301. The material of the second 
wiring lines is as described in Embodiment 1. Next, a first 
insulating layer 303, an active layer of a pixel TFT 402, a 
second insulating layer 306, a first conductive layer 307, 
a third conductive layer 403 and a second conductive layer 
309 are formed consulting Embodiment 1. Thus obtained is the 
state of Fig. 4A, The CMOS circuit being formed simultaneously 
is now in the state of Fig . 3 A . 

[0086] 

Next, resist masks 404 to 407 are formed to etch the 
first conductive layer 307 and the second conductive layer 
309, Second wiring lines 408 and 409 and a capacitor wiring 
line 410 are thus formed. The second wiring line 408 corresponds 
to the second wiring line 206b in Fig. 2A and the second wiring 
line 409 corresponds to the second wiring line 206c in Fig. 
2A. And the capacitor wiring line 410 corresponds to the 
capacitor wiring line 207 in Fig. 2A. 

[0087] 
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The phosphorus doping step for forming LDD regions 
later is conducted next to form low concentration impurity 
regions 411 to 413. Channel formation regions 414 and 415 
are defined simultaneously. This step corresponds to the step 
of Fig. 3B. Accordingly, the material and the thickness of 
the second wiring lines and phosphorus doping conditions in 
the step of Fig. 4B are the same as Embodiment 1, 

[0088] 

A step corresponding to the step of Fig. 3C is conducted 
next. First, resist masks 416 and 417 are formed to etch the 
first conductive layer 307 and the second conductive layer 
309, and thus a second wiring line 418 is formed. This second 
wiring line 418 corresponds to the second wiring line 206a 
in Fig. 2A. 

[0089] 

Next, the boron doping step for forming a CMOS circuit 
is conducted. In this Embodiment, the entire surface of the 
pixel matrix circuit is covered with a resist mask 417 because 
a pixel TFT is formed in NTFT . (Fig. 4C) 

[0090] 

The resist mask 416 and 417 are then removed. After 
that , resist masks 419 to 422 are formed by the back side exposure 
method. Then the phosphorus doping step is conducted to form 
a source region 423, a drain region 424 and a LDD region 425. 

The back side exposure conditions and the phosphorus doping 
conditions are set in accordance with the step of Fig. 3D in 
Embodiment 1 . 
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[0091] 

The source region and the drain region in Fig. 4D are 
named so for the sake of explanation. However, a source region 
and a drain region in a pixel TFT are reversed when the pixel 
switches between charging and discharging and hence there is 
no definite discrimination between the two regions. 

[0092] 

After the doping steps of phosphorus and boron are 
finished, the impurity elements are activated as in Embodiment 
1. Then the first interlayer insulating film 333 is formed 
and contact holes are opened therein to form a source wiring 
line 426 and a drain wiring line 427. The state of Fig, 4E 
is thus obtained. The CMOS circuit at this point is in the 
state of Fig. 3E- 

[0093] 

Next , a second interlayer insulating layer 428 is formed 
to cover the source wiring line 426 and the drain wiring line 
427. In this embodiment, as a passivation film, a silicon 
nitride film with a thickness of 30 nm is formed and an acrylic 
film with a thickness of 700 nm is formed thereon. Of course, 
an insulating film mainly containing silicon such as a silicon 
oxide film, or other resin films may be used. Other resin 
films that are usable are a polyimide film, a polyamide film, 
a BCB (benzocyclobutene) film, and the like. 

[0094] 

Next, a black mask 429 is formed from a titanium film 
having a thickness of 100 nm. Other films may be used to form 
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the black mask 427 if they have light -shielding property. 
Typically, a chromium film, an aluminum film, a tantalum film, 
a tungsten film, a molybdenum film, a titanium film , or a laminate 
of these films is used. 
[0095] 

A third interlayer insulating layer 430 is then formed. 
Though an acrylic film with a thickness of 1 ^^^m is used in 
this embodiment, the same material as the second interlayer 
insulating layer may be used instead. 
[0096] 

A contact hole is next formed in the third interlayer 
insulating layer 430 to form a pixel electrode 431 from a 
transparent conductive film ( typically an ITO film) . The pixel 
electrode 431 is electrically connected to the drain wiring 
line 427. The contact hole accordingly has to be very deep, 
and hence it is effective in preventing failure such as break 
of the pixel electrode to form the contact hole such that its 
inner wall is tapered or curved. 

[0097] 

A pixel matrix circuit structured as shown in Fig. 
5A is thus completed. Although the example shown in this 
embodiment is of manufacturing a transmissive AM-LCD using 
a transparent conductive film for a pixel electrode , a reflective 
AM-LCD can readily be manufactured if a metal film having high 
reflectance (such as a metal film mainly containing aluminum) 
is used for the pixel electrode. 

[0098] 
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The substrate that has reached the state of Fig. 5A 
is called an active matrix substrate. This embodiment also 
describes a case of actually manufacturing an AM-LCD. 

[0099] 

After the state of Fig. 5A is obtained, an oriented 
film 432 with a thickness of 80 nm is formed. An opposite 
substrate is fabricated next. The opposite substrate prepared 
is composed of a glass substrate 433 on which a color filter 
434, a transparent electrode (opposite electrode) 435, and 
an oriented film 436 are formed. The oriented films 432 and 
435 are subjected to rubbing treatment, and the active matrix 
substrate is bonded to the opposite substrate using a seal 
(sealing member). Then a liquid crystal 436 is held between 
the substrates. A spacer for maintaining the cell gap may be 
provided if necessary, 

[0100] 

An AM-LCD structured as shown in Fig, 5B (the part 
corresponding to a pixel matrix circuit) is thus completed. 

The second interlayer insulating layer 428 and the third 
interlayer insulating layer 430 of this embodiment also cover 
the CMOS circuit shown in Embodiment 1 in actuality. Wiring 
lines may be formed at the same time the blac]c mask 429 and 
the pixel electrode 431 are formed from the same materials 
that constitute the black masks and the pixel electrode, so 
that the wiring lines are used as lead out wiring lines (fourth 
wiring lines or fifth wiring lines) of a driver circuit and 
a signal processing circuit of the AM-LCD, 
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[0101] 

In this embodiment, the first wiring lines 401b and 
401c provided in the pixel TFT are set to the fixed electric 
potential (the ground electric potential or the source electric 
potential). This makes it possible to draw holes generated 
in the drain end due to hot carrier injection to the first 
wiring lines, thereby improving the reliability. The first 
wiring lines 401b and 401c may of course be set to a floating 
state, but the hole drawing effect cannot be expected in this 
case . 

[0102] 

As shown in the upper figure of Fig. 2B, the second 
wiring line 418 deposited in the wiring line portion adopts 
the cladding structure, which can reduce resistance of wiring 
lines as much as possible. 

[0103] 

Embodiment 3 

In this embodiment, an AM-LCD is provided with a pixel 
matrix circuit and a CMOS circuit (a driver circuit and a signal 
processing circuit constructed of CMOS circuits, to be exact) 
according to the present invention, and the appearance thereof 
is shown in Fig. 6. 

[0104] 

On an active matrix substrate 601 , a pixel matrix circuit 

602, a signal line driving circuit (source driver circuit) 

603, scanning line driving circuits (gate driver circuits) 
604 , and a signal processing circuit ( including a signal divider 
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circuit, a D/A converter circuit, and a y correction circuit) 
605 are formed. An FPC (flexible printed circuit) 606 is 
attached to the active matrix substrate. Denoted by 607 is 
an opposite substrate. 
[0105] 

The various circuits formed on the active matrix 
substrate 601 are illustrated in detail in a block diagram 
of Fig. 7. 

[0106] 

In Fig. 7, 701 denotes a pixel matrix circuit that 
functions as an image display unit. 702a, 702b, and 702c 
represent a shift register circuit, a level shifter circuit, 
and a buffer circuit, respectively. The three together 
constitute a gate driver circuit. 

[0107] 

The blocJc diagram of the AM-LCD in Fig. 7 has a pixel 
matrix circuit sandwiched between gate driver circuits, which 
share the same gate wiring lines. This means that application 
of voltage to the gate wiring lines is still possible even 
after one of the gate drivers fails, thereby giving the AM-LCD 
redundancy. 

[0108] 

703a, 703b, 703c, and 703d represent a shift register 
circuit, a level shifter circuit , abuffer circuit , and a sampling 
circuit, respectively. The four together constitute a source 
driver circuit. A precharge circuit 14 is placed across the 
pixel matrix circuit from the source driver circuit . 
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[0109] 

The reliability of an AM-LCD having circuits as those 
shown in Fig. 6 can be greatly improved by employing the present 
invention. In this case, CMOS circuits constituting a driver 
circuit and a signal processing circuit are made in accordance 
with Embodiment 1 and a pixel matrix circuit is made in accordance 
with Embodiment 2 . 

[0110] 

Embodiment 4 

This embodiment gives a description on a case where 
a CMOS circuit is structured differently from Embodiment 1 
and a pixel matrix circuit is structured differently from 
Embodiment 2. To be specific, circuits are given different 
structures in accordance with the respective specifications 
the circuits demand. 

[0111] 

The basic structure of the CMOS circuit is identical 
with the structure shown in Fig. lA and the basic structure 
of the pixel matrix circuit is identical with the structure 
shown in Fig. 2A, Therefore only the part that needs explanation 
is denoted by a symbol and explained in this embodiment . 

[0112] 

The structure shown in Fig. 8A lacks an LDD region 
on the source side of the NTFT and has an LDD region 801 only 
on the drain side. The CMOS circuit, which is used in a driver 
circuit and a signal processing circuit, is required to operate 
at high speed and hence resist components that can cause reduction 
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in operation speed have to be removed as much as possible. 
[0113] 

In the case of the CMOS circuit according to the present 
invention, a gate voltage is applied to a first wiring line 
functioning as a subordinate gate wiring line to obtain the 
GOLD structure and prevent degradation due to hot carrier 
injection. However, it is sufficient if an LDD region that 
overlaps a gate electrode is formed at an end of a channel 
formation region on the drain region side where hot carriers 
are injected. 

[0114] 

Accordingly, an LDD region at an end of the channel 
formation region on the source region side is not indispensable. 

On the contrary, the LDD region on the source region side 
might worK as a resist component. The structure shown in Fig. 
8A is therefore effective in improving the operation speed. 

[0115] 

The structure of Fig. 8A cannot be applied to a circuit 
that behaves like a pixel TFT in which a source region and 
a drain region are switched. Since a source region and a drain 
region of a CMOS circuit are normally fixed, the CMOS circuit 
can adopt the structure of Fig. 8A. 

[0116] 

Fig. 8B is basically identical with Fig. 8A but the 
width of an LDD region 802 in Fig. 8B is narrower than in Fig. 
8A. Specifically, the width is set to 0 . 05 to 0 . 5 urn (preferably 
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0.1 to 0,3 ^m) . The structure in Fig. 8B is capable of not 
only reducing the resist component on the source region side 
but also reducing the resist component on the drain region 
side as much as possible. 
[0117] 

This structure is actually suitable for a circuit that 
is driven at as low voltage as 3 to 5 V and is required to 
operate at high speed, such as a shift register circuit . Because 
of the low operation voltage, the narrow LDD region (LDD region 
that overlaps a gate electrode, strictly speaking) does not 
raise the problem related to hot carrier injection. 

[0118] 

Of course, LDD regions in the NTFT may be completely 
omitted in some cases if the omission is limited to the shift 
register circuit. In this case, the NTFT of the shift register 
circuit has no LDD region while other circuits in the same 
driver circuit employ the structure shown in Fig. lA or the 
structure shown in Fig. SB. 

[0119] 

Next, Fig. 8C shows an example of a CMOS circuit with 
its NTFT having the double gate structure and PTFT having the 
single gate structure. In this case, LDD regions 805 and 806 
are provided only at ends of channel formation regions 803 
and 804 which are closer to drain regions. 

[0120] 

The width of an LDD region is determined by the amount 
of light that reaches around in the baclc side exposure step 
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as shown in Fig. 3D. However, if resist masks are formed by 
mask alignment, the masks can be designed freely. Forming 
an LDD region only on one side is easy also in the structure 
shown in Fig. 8C if a mask is used. 
[0121] 

However, forming an LDD region only on one side by 
the back side exposure method is possible when gate wiring 
lines (second wiring lines) 807a and 807b are formed so as 
not to coincide with first wiring lines 808 and 809 as in this 
embodiment . 

[0122] 

This structure can eliminate the resist component by 
an LDD region on the source side and the double gate structure 
has an effect of diffusing and easing the electric field applied 
between the source and the drain . 

[0123] 

The structure in Fig. 8D is a mode of a pixel matrix 
circuit. In the structure of Fig. 8D, LDD regions 809 and 

810 are provided on either the side closer to the source region 
or the side closer to the drain region. In other words, no 
LDD region is provided between two channel formation regions 

811 and 812. 

[0124] 

In the case of a pixel TFT, a source region and a drain 
region are frequently switched because charging and discharging 
are repeated. Accordingly, when the pixel TFT has a structure 
of Fig. 8D, the LDD region can always be in the channel formation 
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region on the drain region side whichever region serves as 
the drain region. On the other hand, it is effective in 
increasing ON current (current flowing when the TFT is in an 
ON state) to omit an LDD region that can be a resist component 
between the channel formation regions 811 and 812 because there 
is no electric field concentration between the channel formation 
regions . 

[0125] 

An LDD region is not provided at an end of the channel 
formation region on the source region side in the structures 
of Figs. 8A to 8D. However, the LDD region may be provided 
there if it has a narrow width. This structure may be obtained 
by forming resist masks through mask alignment or by the back 
side exposure method after the position of the first wiring 
lines and the second wiring lines is adjusted. 

[0126] 

Needless to say, the structure of this embodiment can 
be combined with Embodiments 1 and 2 and applied to the AM-LCD 
shown in Embodiment 3 - 

[0127] 

Embodiment 5 

This embodiment shows with reference to Fig. 9 a case 
of forming a storage capacitor with a differenet structure 
from a pixel matrix circuit shown in Embodiment 2. Since the 
fundamental structure is in the same way as Fig. 2A, only necessary 
parts are denoted by the symbols in this embodiment. 

[0128] 
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The structure shown in Fig. 9A uses a capacitor wiring 
line 901, a first insulating layer 902 and an active layer 
903 (strictly speaking, the portion extended from a drain region ) , 
which a storage capacitor is formed in the same layer as the 
first wiring line. 

[0129] 

This structure has the advantage of having conductivity 
by doping elements belonging to Group 13 or 15 into a portion 
of active layers at high concentration, which functions as 
an electrode of the storage capacitor. The elements belonging 
to Group 13 or 15 may of course be formed at the same time 
as the process of forming a source region or a drain region. 

[0130] 

In the case of the structure described in "Embodiment 
Mode 2", the active layer which functions as the electrode 
of the storage capacitor is not doped the impurity elements 
which give conductivity because the second wiring line performs 
a mask, and must keep the state that an inverse layer is formed 
in the active layer by adding a voltage at all times. In the 
structure of Fig. 9A, however, the active layer itself, which 
functions as the electrode of the storage capacitor, has 
conductivity, and is not needed to add a voltage and has only 
to be fixed in the ground electric potential. 

[0131] 

Thus, it can be said that it is an effective structure 
to lower electricity consumption because the voltage is 
unnecessary to add too much. 
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[0132] 

The structure of Fig. 9B is an example of combining 
the structure of the storage capacitor shown in Fig. 2A with 
the structure of the storage capacitor shown in Fig. 9A. 
Concretely, a first storage capacitor is formed by a first 
capacitor wiring line 904, which is in the same layer as the 
first wiring line, a first insulating layer 905 and an active 
layer 906, and a second storage capacitor is formed by an active 
layer 906, a second insulating layer 907 and a second capacitor 
wiring line 908, which is in the same layer as the first wiring 
line . 

[0133] 

This structure can ensure a nearly double capacitor 
of the structure of the storage capacitor shown in Fig. 2A 
and Fig . 9 A without increasing the number of process . Specially, 
the minuter AM-LCD requires the smaller size of the storage 
capacitor in order to improve the aperture ratio. In such 
a case, the structure of Fig, 9B is effective. 

[0134] 

It is effective to use the structure of this embodiment 
in AM-LCD shown in Embodiment 3. 
[0135] 

Embodiment 6 

This embodiment shows with reference to Fig. 10 a case 
in which the first conductive layer that consists of the second 
wiring line in the CMOS circuit of Fig- lA and in the pixel 
matrix circuit of Fig. 2A is omitted. In Fig. lOA, parts 
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structured in the same way as Fig. lA or Fig. 2A are denoted 
by the same symbols . 
[0136] 

In the CMOS circuit shown in Fig. lOA, all of second 
wiring lines 11 to 13 are formed by a tantalum film with a 
single layer. Compared with the structure of Fig. lA, it is 
a structure omitted the first conductive layer and formed the 
second wiring line by only the second conductive layer. The 
thickness is 200 to 400 nm. Except tantalum, a conductive 
film mainly containing an element selected from the group 
consisting of chromium, titanium, tungsten, molybdenum, and 
silicon, or an alloy film or silicide film containing the above 
elements in combination may of course be used. 

[0137] 

With this structure, the power supplying portion (the 
portion denoted by the cladding structure in Fig. lA) of the 
second wiring line has the third conductive layer 14a clad 
by the second conductive layer 14b. Undesirably, this structure 
might allow aluminum or copper that is an element constituting 
the third conductive layer 14a to diffuse into a second insulating 
layer 106. Therefore a silicon nitride film is formed on the 
surface of the second insulating layer 106 to prevent diffusion 
of aluminum or copper effectively. 
[0138] 

The structure of this embodiment may also be applied 
to a pixel matrix circuit. The pixel matrix circuit in Fig. 
lOB uses a second conductive layer (a single layer of tantalum 
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film in this embodiment) for a second wiring line (a gate wiring 
line) 16 and 17 and a capacitor wiring line and employs the 
structure cladding a third conductive layer 15a with a second 
conductive layer 15b for a part of the gate wiring line that 
is required to reduce wiring line resistance. 
[0139] 

Needless to say, the circuits shown in Fig. lOA and 
Fig. lOB are both formed on the same substrate at the same 
time . 

[0140] 

The structure of this embodiment can be realized only 
by omitting a process of forming the first conductive layer 
in the manufacturing process shown in Embodiment 1 and Embodiment 
2. It can also be applied to the AM-LCD of Embodiment 3 and 
can be combined with the structure shown in Embodiment 4 and 
5. 

[0141] 

Embodiment 7 

This embodiment shows with reference to Fig. 11 a case 
in which the gate electrode portion of the NTFT is a cladding 
structure in the CMOS circuit of Fig. lA and in the pixel matrix 
circuit of Fig. 2A. In Fig. IIA, parts structured in the same 
way as Fig. lA or Fig. 2A are denoted by the same symbols. 

[0142] 

In the CMOS circuit shown in Fig. IIA, it is a cladding 
structure that the gate electrode 21 of the NTFT wraps a third 
conductive layer 21c with a first conductive layer 21a and 
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a second conductive layer 21b . The length of a channel formation 
region 22 corresponds to the width of a line of a third conductive 
layer 21c. 

[0143] 

The LDD region 23 can be substantially divided into 
two regions. On the oneside it overlaps a gate electrode 21, 
which is a portion of the second wiring line, and on the other 
side does not overlap the gate electrode 21 . In this embodiment , 
the GOLD structure is realized only with a gate electrode, 
which is a portion of the second wiring line. Provided the 
LDD region not overlapped by a gate electrode outside of the 
LDD region overlapped by a gate electrode, OFF current can 
be made much smaller. 
[0144] 

Similarly, in the pixel matrix circuit shown in Fig. 
IIB, the pixel TFT adopts the cladding structure which both 
gate electrodes 24 and 25 wrap third conductive layers 24cand 
25c with first conductive layers 24a and 25a and second conductive 
layers 24b and 25b. The length of channel formation regions 
26 and 27 correspond to the width of lines of third conductive 
layers 24c and 25c. Both the LDD regions 28 and 29 can be 
substantially divided into two regions in the same way as the 
LDD region 23. 

[0145] 

In the case of the structures shown in "Embodiment 
Mode 1" and "Embodiment Mode 2", while the GOLD structure is 
realized by adding a gate voltage to the first wiring lines 
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(subordinate gate wiring lines) in the CMOS circuit, the LDD 
structure is adopted to reduce OFF current in the pixel matrix 
circuit- But since this is to limit increase in OFF current 
which cannot be attained by the GOLD structure, the advantage 
of the GOLD structure which prevents degradation of ON current 
can not be obtained. 
[0146] 

In this embodiment, however, even the pixel matrix 
circuit is realized the NTFT with the GOLD structure , and obtains 
more excellent reliability. The very reason for the pixel 
TFT with the GOLD structure is to provide the LDD region not 
overlapped by a gate electrode outside of the LDD region 
overlapped by a gate electrode . 

[0147] 

Here, a description is given with reference to Fig. 
12 in the manufacturing process to realize the structure of 
this embodiment. Since it is fundamentally same as the process 
described in Embodiment 1, the new symbols are used only when 
necessary. 

[0148] 

First, a third conductive layer 308 is formed according 
to the process of Embodiment 1 . In the case of this embodiment , 
a third conductive layer 31 on the NTFT at the same time as 
forming the third conductive layer 308. A resist mask 32 is 
formed, and then the phosphorus doping step is conducted. 
The doping condition may be referred to the process of Fig. 
3B in Embodiment 1. Through this step, the low concentration 
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impurity regions 33 and 34 are formed and the channel formation 
region 35 is defined. (Fig. 12A) 
[0149] 

After the resist mask 32 is removed, second conductive 
layers 36 and 37 are formed. Through this step, a main gate 
wiring line of NTFT 38 is formed. (Fig. 12B) 

[0150] 

Resist maslcs 315 to 318 are formed, and then the boron 
doping step is conducted. The doping condition may be referred 
to the step of Fig . 3C in Embodiment 1 . Thus , after the phosphorus 
doping step and the boron doping step are conducted, the impurity 
element doped in the same way as Embodiment 1 is activated 
to obtain the result of Fig. 12C. 

[0151] 

After the resist maslcs 315 to 318 are removed, the 
baclc side exposure method is used to form resist maslcs 324 
to 327, and the phosphorus doping step is then conducted under 
the same doping conditions as the step of Fig. 3D in Embodiment 
1. 

[0152] 

Through this step, a source region 39, a drain region 

40 and the low concentration impurity region (the LDD region) 

41 of the NTFT are formed. (Fig. 12D) 

[0153] 

In this step, the length of the portion where the gate 
electrode 38 overlaps the LDD region 41 is set to 0.1 to 3.5 
nm (typically 0.1 to 0.5 |^m, preferably 0.1 to 0.3 ^m) whereas 
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the length of the portion where the gate electrode 38 does 
not overlap it is set to 0 . 5 to 3 - 5 (typically 1.5 to 2.5 

[0154] 

And through the same step as Embodiment 1 , a CMOS circuit 
with such a structure as shown in Fig. IIA is completed by 
forming a first interlayer insulating layer 108, source wiring 
lines 109 and 110 and a drain wiring line 111. 

[0155] 

The description in this embodiment takes as a case 
of the manufacturing step of a CMOS circuit, but in the case 
of a pixel matrix circuit the structure of Fig. IIB may be 
obtained through the similar manufacturing step. Therefore, 
the description here is omitted. 
[0156] 

The structure of this embodiment can also be applied 
to the AM- LCD of Embodiment 3 and can be freely combined with 
the structure shown in Embodiments 4 to 6 . 

[0157] 

Embodiment 8 

In the step of Fig. 3D in Embodiment 1, it is effective 
that after the back side exposure method is used to form resist 
masks 324 to 327, a second insulating layer 306 is etched to 
remove and the exposed active layer is doped phosphorus . 

[0158] 

This method lowers the acceleration voltage in doping 
phosphorus to 100 keV, and the burden of the doping device 



is lightened. The throughput is greatly improved. This is 
in the same way as the step shown in Fig. 4D in Embodiment 
2 . 

[0159] 

The structure of this embodiment can also be applied 
to the AM-LCD of Embodiment 3 and can be freely combined with 
the structure shown in Embodiments 4 to 7 . 

[0160] 

Embodiment 9 

This embodiment gives a description on the structure 
for reducing OFF current of NTFT in a CMOS circuit used in 
a driver circuit . 

[0161] 

In Fig. 13, the LDD region 51 can be substantially 
divided into two portions, which one overlaps and another does 
not overlap a first wiring line 102a. Therefore, in adding 
a gate voltage to the first wiring line 102a, the structure 
of the NTFT of Fig. 13 has the LDD region not overlapped by 
a gate electrode outside of the LDD region overlapped by a 
gate electrode. 

[0162] 

As described in Embodiment 8, this structure has an 
effect that degradation of ON current, which is the advantage 
of the GOLD structure, is prevented, and obtains electrical 
characteristics that increase of OFF current, which is the 
defect of the GOLD structure, is controlled. Accordingly, 
a CMOS circuit with very high reliability can be realized. 
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[0163] 

Here, an example of a CMOS circuit is described but 
the structure of this embodiment may be applied to a pixel 
matrix circuit • 

[0164] 

To realize the structure of this embodiment, the back 
side exposure method may not be used in the step shown in Fig. 
3D in Embodiment 1. That is, the structure of this embodiment 
can be obtained by doping phosphorus after providing the wider 
resist masks than the first wiring line by usual mask alignment . 
[0165] 

The length of the LDD region (the length of portions 
that overlapped and not overlapped by a gate electrode) may 
be referred to the range shown in Embodiment 8 . 

[0166] 

The structure of this embodiment can also be applied 
to the AM- LCD of Embodiment 3 and can be freely combined with 
the structure shown in Embodiments 4 to 7 . 

[0167] 

Embodiment 10 

This embodiment describes a case in which other methods 
than thermal crystallization is used to form the active layer 
shown in Embodiment 1 or 2 

[0168] 

Specifically, a case is described in which the 
crystalline semiconductor film to use as an active layer is 
formed by the thermal crystallization method using the catalytic 
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element . In the case used the catalytic element , it is desirable 
to use the technique disclosed in Japanese Patent Application 
Laid-open No, Hei 7-130652 (corresponding to US. Patent 
Application No. 08/329,644 or US. Patent Application No. 
08/430,623) and Japanese Patent Application Laid-open No. Hei 
8-78329. Specially, it is preferable to use nickel as the 
catalytic element . 
[0169] 

The structure of this embodiment can be combined freely 
with all of the structures of Embodiments 1 through 9. 
[0170] 

Embodiment 11 

This embodiment describes a case , as a method of forming 
an active layer, in which the thermal crystallization method 
shown in Embodiment 10 is used and the catalytic element used 
in crystallization is removed from the crystalline semiconductor 
film. To remove the catalytic element, this embodiment employs 
a technique disclosed in Japanese Patent Application Laid-open 
No. Hei 10-135468 (corresponding to US. Patent Application 
No. 08/951,193) or Japanese Patent Application Laid-open No. 
Hei 10-135469 (corresponding to US. Patent Application No. 
08/951,819). 

[0171] 

The technique described in the publication is to remove 
a catalytic element used in crystallization of an amorphous 
semiconductor film by utilizing gettering effect of halogen 
after crystallization. With this technique, the concentration 
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of the catalytic element in the crystalline semiconductor film 
can be reduced to 1 x 10^^ atoms/cm^ or less, preferably to 
1 X 10^* atoms /cm\ 
[0172] 

The structure of this embodiment can be combined freely 
with all of the structures of Embodiments 1 through 10. 
[0173] 

Embodiment 12 

This embodiment describes a case, as a method of forming 
an active layer, in which the thermal crystallization method 
shown in Embodiment 10 is used and the catalytic element used 
in crystallization is removed from the crystalline semiconductor 
film. To remove the catalytic element, this embodiment employs 
a technique disclosed in Japanese Patent Application Laid-open 
No. Hei 10-270363 (corresponding to US. Patent Application 
No. 09/050,182) . 

[0174] 

The technique described in the publication is to remove 
a catalytic element used in crystallization by utilizing the 
gettering effect of phosphorus after crystallization. With 
this technique, the concentration of the catalytic element 
in the crystalline semiconductor film can be reduced to 1 x 
10'^ atoms/cm' or less, preferably to 1 x 10'^ atoms/cm'. 
[0175] 

The structure of this embodiment can be combined freely 
with all of the structures of Embodiments 1 through lo . 
[0176] 
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Embodiment 13 

This embodiment describes another mode of the gettering 
step by phosphorus which is shown in Embodiment 12. The basis 
of the step matches Fig. 1 and hence differences are picked 
out and explained. 

[0177 ] 

First, the state of Fig. 3D is obtained by following 
the process of Embodiment 1. Fig. 14A shows a state in which 
the resist masks 324 to 327 are removed from the state of Fig. 
3D. A semiconductor layer to be an active layer of TFT is 
formed by using a technique of the thermal crystallization 
shown in Embodiment 10. 

[0178] 

At this point, the source region 328 of the NTFT and 
the drain region 329 thereof, and the drain region 331 of the 
PTFT and the source region 332 thereof contain phosphorus in 
a concentration of 1 x 10'^ to 1 x 10^^ atoms/cm^ (preferably 
5 X 10^° atoms/cm^). 

[0179] 

In this state, a heat treatment step is conducted in 
a nitrogen atmosphere at 500 to 800°C for 1 to 24 hours, for 
example, at 600°C for 12 hours, in this embodiment. Through 
the step, the impurity elements given n type and p type and 
used in doping are activated. Also, the catalytic element 
(nickel in this embodiment) remained after the crystallization 
step moves in the direction of the arrow and is gettered ( trapped ) 
in the source regions and drain regions mentioned above owing 



to the action of phosphorus contained in the regions . As a 
result , the nickel concentration in the channel formation region 
can be reduced to 1 x 10^^ atoms/cm^ or less. 
[0180] 

Once the step of Fig. 14B is completed, subsequent 
steps are conducted in accordance with the steps of Embodiment 
1 to complete the CMOS circuit shown in Fig. 3E. Needless 
to say, similar steps are taken in the pixel matrix circuit. 

[0181] 

The structure of this embodiment can be combined freely 
with all of the structures of Embodiments 1 through 10. 
[0182] 

Embodiment 14 

The TFT structure of the present invention can be applied 
not only to electro-optical devices such as AM-LCDs but to 
semiconductor circuits of every kind. It may be applied to 
microprocessors such as RISC processors and ASIC processors, 
to signal processing circuits such as D/A converters, and to 
high frequency circuits for portable equipment (cellular phones 
including PHS, and mobile computers). 

[0183] 

It is possible to obtain a semiconductor device having 
a three-dimensional structure in which an interlayer insulating 
film is formed on a conventional MOSFET and the present invention 
is applied thereto to form a semiconductor circuit . The present 
invention thus is applicable to all of the semiconductor devices 
that currently employ LSI s . The present invention may be applied 
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to the SOI structure (a TFT structure using a single crystal 
semiconductor thin film) such as SIMOX, Smart-Cut (trade name 
of SOITEC), and ELTRAN (trade name of Canon, Inc,)- 
[0184] 

The semiconductor circuits of this embodiment can be 
obtained by any structure resulting from combinations of 
Embodiments 1, 2 and 4 through 13. 

[0185] 

Embodiment 15 

A CMOS circuit and pixel matrix circuit formed by 
carrying out the present invention can be applied to various 
electro-optical devices and semiconductor circuits. That is, 
the present invention is applicable to all of electronic 
equipment that incorporates those electro-optical devices and 
semiconductor circuits as components. 

[0186] 

Given as such electronic equipment are video cameras , 
digital cameras, projectors, projection TVs, head mounted 
displays ( goggle type displays ) , automobile navigation systems , 
personal computers, portable information terminals (mobile 
computers, cellular phones, electronic books or the like), 
etc. Examples of those are shown in Fig. 15. 

[0187] 

Fig. 15A shows a cellular phone, which is composed 
of a main body 2001, an audio output unit 2002, an audio input 
unit 2003, a display device 2004, operation switches 2005, 
and an antenna 2006, The present invention is applicable to 
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the audio output unit 2002, the audio input unit 2003, the 
display device 2004, and other signal controlling circuits. 
[0188] 

Fig. 15B shows a video camera, which is composed of 
a main body 2101, a display device 2102, an audio input unit 
2103, operation switches 2104, a battery 2105, and an image 
receiving unit 2106. The present invention is applicable to 
the display device 2102, the audio input unit 2103, and other 
signal controlling circuits. 

[0189] 

Fig. 15C shows a mobile computer, which is composed 
of a main body 2201, a camera unit 2202, an image receiving 
unit 2203, operation switches 2204, and a display device 2205. 
The present invention is applicable to the display device 
2205 and other signal controlling circuits. 
[0190] 

Fig- 15D shows a goggle type display, which is composed 
of a main body 2301, display devices 2302, and arm units 2303. 
The present invention is applicable to the display devices 
2302 and other signal controlling circuits. 
[0191] 

Fig. 15E shows a rear projector, which is composed 
of a main body 2401, a light source 2402, a display device 
2403, a polarization beam splitter 2404, reflectors 2405 and 
2406, and a screen 2407. The present invention is applicable 
to the display device 2403 and other signal controlling circuits . 

[0192] 
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Fig. 15F shows a front projector, which is composed 
of a main body 2501, a light source 2502, a display device 
2503, an optical system 2504, and a screen 2505. The present 
invention is applicable to the display device 2502 and other 
signal controlling circuits. 

[0193] 

As described above , the application range of the present 
invention is so wide that it is applicable to electronic equipment 
of every field. The electronic equipment of this embodiment 
can be obtained by any structure resulting from combinations 
of Embodiments 1 through 14. 

[0194] 

[Effect of the Invention] 

The present invention is characterized in that the 
same NTFT can form both the GOLD structure and the LDD structure 
and which one is to form is determined by controlling the voltage 
of a first wiring line provided under an active layer. In 
other words, the GOLD structure and the LDD structure can be 
formed on the same substrate without increasing the number 
of steps or complicating the process. 
[0195] 

Therefore circuits having optimal functions can be 
arranged in accordance with the respective specifications 
required for the circuits, thus greatly improving the 
performance and reliability of a semiconductor device such 
as an AM-LCD and electronic equipment that has the AM-LCD as 
a display. 
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[BRIEF DESCRIPTION OF THE INVENTION] 

[Fig. 1] shows a structure of a CMOS circuit, 
[Fig. 2] shows a structure of a pixel matrix circuit. 
[Fig- 3] shows a process of manufacturing a CMOS circuit. 
[Fig. 4] shows a process of manufacturing a pixel matrix 

circuit . 

[Fig. 5] shows a process of manufacturing a pixel matrix 
circuit . 

[Fig, 6] shows the outside appearance of AM-LCD. 

[Fig. 7] shows a block structure of AM-LCD. 

[Fig. 8] shows a structure of a CMOS circuit or a pixel 

matrix circuit . 
[Fig. 9] shows a process of manufacturing a pixel matrix 
circuit (specially a storage capacitor). 

[Fig. 10] shows a structure of a CMOS circuit or a pixel 

matrix circuit . 
[Fig. 11] shows a structure of a CMOS circuit or a pixel 

matrix circuit. 
[Fig. 12] shows a process of manufacturing a CMOS circuit. 
[Fig. 13] shows a structure of a CMOS circuit. 
[Fig. 14] shows a process of manufacturing a CMOS circuit. 
[Fig. 15] shows an example of an electric device - 



67 



[DESCRIPTION OF A MARK] 
101 A substrate 

102a, 102b and 102c First wiring lines 

103 A first insulating layer 

104 and 105 Active layers 

106 A second insulating layer 

107a, 107b, 107c and 107d Second wiring lines 
(107al, 107bl, 107cl and 107dl First conductive layers 

107a2, 107b2, 107c2 and 107d2 Second conductive layers 

107d3 A third conductive layer) 
108 A first interlayer insulating layer 
109-111 Third wiring lines 
(109, 110 Source wiring lines 

111 A drain wiring line) 

201 A substrate 

202a, 202b and 202c First wiring lines 

203 A first insulating layer 

204 An active layer 

205 A second insulating layer 

206a, 206b and 206c Second wiring lines 

(206al, 206bl and 206cl First conductive layers 

206a2, 206b2 and 206c2 Second conductive layers 

206a3 A second conductive layer) 

207 A capacitor wiring line 
(207a A first conductive layer 

207b A second conductive layer) 

208 A first interlayer insulating layer 

209 A source wiring line 

210 A drain wiring line 

211 A second interlayer insulating layer 

212 Black masks 

213 A third interlayerinsulating layer 

214 A pixel electrode 

215 and 216 Channel formation regions 
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601 A substrate with an insulating surface 

602 A pixel matrix circuit 

603 A source driver circuit 

604 A gate drivier circuit 

605 A signal processing circuit 

606 An FPC 

1007 An opposite substrate 

701 A pixel matrix circuit 

702a and 703a Shift register circuits 

702b and 703b Level shifter circuits 

702c and 703c Buffer circuits 

703d A sampling circuit 

704 A precharge circuit 

2001 A main body 

2002 An audio output unit 

2003 An audio input unit 

2004 A display device 

2005 Operation switches 

2006 An antenna 

2101 A main body 

2102 A display device 

2103 An audio input unit 

2104 Operation switches 

2105 A battery 

2106 An image receiving unit 

2201 A main body 

2202 A camera unit 

2203 An image receiving unit 

2204 Operation switches 

2205 A display device 



2301 



A main body 



2302 
2303 



Display devices 
Arm units 



2401 A main body 

2402 A light source 

2403 A display device 

2404 A polarization beam splitter 

2405 Reflector 

2406 Reflector 

2407 A screen 



2501 A main body 

2502 A light source 

2503 A display device 

2504 An optical system 

2505 A screen 



[BRIEF DESCRIPTION OF THE FIGURES] 



[Fig, 2](A) 
(B) 

[Fig. 3](A) 
(B) 
(C) 

[Fig. 9] (A) 
(B) 

[Fig. 10](B) 
[Fig. 11](B) 



H^TFTpB A pixel TFT portion 

i^^^MW^ A storage capacitor portion 

i^^^M^^ A storage capacitor portion 

U >CO^ijPXfS A phosphorus doping step 

7}^n >CO|^sS0X@ A boron doping step 

MMM^tJl^. U XD^JPXfS A back side exposure 

step, A phosphorus doping step 

®^TFTp|5 A pixel TFT portion 

{:^f#§Mp|5 A storage capacitor portion 

M^TFTpK A pixel TFT portion 

fMf#^SpB A storage capacitor portion 

Mi^TFTpl^ A pixel TFT portion 

f^f^^MpB A storage capacitor portion 

IS^TFTpI^ A pixel TFT portion 
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l^i#^Sp|5 A storage capacitor portion 

[Fig. 12] (A) U >m;§y U >^'X?M A gettering step 

by phosphorus 

(C) ^UXDl^MH^^ A boron doping step 

(D) SS^T^XfS. U XD^SPX^M A back side 

exposure step, A phosphorus doping step 
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